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(57) ABSTRACT

The present invention relates to a method for preparing a
modified conjugated diene-based polymer, and more par-
ticularly, provides a method for preparing a modified con-
jugated diene-based polymer including a step of polymer-
1zing a conjugated diene-based monomer in the presence of
an organometal compound i1n a hydrocarbon solvent to
prepare an active polymer which 1s coupled with an orga-
nometal (S1); and a step of reacting or coupling the active
polymer prepared 1n step (S1) with a modifier (S2), wherein
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step (S1) 1s continuously performed in two or more polym-

erization reactors, and a polymerization conversion ratio 1n
a first reactor among the polymerization reactors 1s 50% or

less.
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METHOD FOR PREPARING MODIFIED
CONJUGATED DIENE-BASED POLYMER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase entry under 35 U.S.C.
§ 371 of International Application No. PCIT/KR2017/

014322, filed Dec. 7, 2017, which claims priority to Korean
Patent Application No. 10-2017-0000747/, filed Jan. 3, 2017,
and Korean Application No. 10-2017-0097143, filed Jul. 31,
2017, the disclosures of which are incorporated herein by
reference.

TECHNICAL FIELD

The present mnvention relates to a method for preparing a
modified conjugated diene-based polymer, and more par-
ticularly, to a method for preparing a modified conjugated
diene-based polymer, which has excellent productivity and
processability due to continuous polymerization and has
narrow molecular weight distribution and good physical
properties.

BACKGROUND ART

According to the recent demand for cars having a low fuel
consumption ratio, a conjugated diene-based polymer hav-
ing modulational stability represented by wet skid resistance
as well as low rolling resistance, and excellent abrasion
resistance and tensile properties 1s required as a rubber
material for tires.

In order to reduce the rolling resistance of tires, there 1s
a method of reducing hysteresis loss of vulcanized rubber,
and rebound resilience at 50° C. to 80° C., tan o, Goodrich
heating, or the like 1s used as an evaluation index of the
vulcanized rubber. That 1s, it 1s desirable to use a rubber
material having high rebound resilience at the above tem-
perature or a low tan ¢ value or Goodrich heating.

Natural rubbers, polyisoprene rubbers, or polybutadiene
rubbers are known as rubber materials having low hysteresis
loss, but these rubbers have a limitation of low wet skid
resistance. Thus, recently, conjugated diene-based polymers
or copolymers such as styrene-butadiene rubbers (hereinat-
ter, referred to as “SBR”) and butadiene rubbers (hereinaftter,
referred to as “BR”), are prepared by emulsion polymeriza-
tion or solution polymernzation to be used as rubbers for
tires. Among these polymerization methods, the greatest
advantage of the solution polymerization 1n comparison to
the emulsion polymerization i1s that the vinyl structure
content and the styrene content, which specity physical
properties of the rubber, may be arbitrarily adjusted and its
molecular weight and physical properties may be controlled
by coupling or modification. Thus, the SBR prepared by the
solution polymerization 1s widely used as a rubber material
for tires because 1t 1s easy to change a structure of the finally
prepared SBR or BR, and movement of chain terminals may
be reduced and coupling force with a filler such as silica and
carbon black may be increased by coupling or modification
of the chain terminals.

If the solution-polymerized SBR 1s used as the rubber
material for tires, since a glass transition temperature of the
rubber 1s increased by increasing the vinyl content 1n the
SBR, physical properties such as running resistance and
braking force, required for tires may be controlled, and fuel
consumption may also be reduced by appropriately adjusting
the glass transition temperature. The solution-polymerized
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SBR 1s prepared by using an anionic polymerization initiator
and 1s bemng used by coupling or modifying the chain
terminals of the polymer thus formed using various modi-
fiers. For example, U.S. Pat. No. 4,397,994 discloses a
method of coupling active anions of the chain terminals of
a polymer obtamned by polymerizing styrene-butadiene
using alkyllithium which 1s a monofunctional mnitiator 1 a
non-polar solvent, using a binder such as a tin compound.

Meanwhile, the polymerization of SBR or BR may be
performed by a batch type or a continuous type polymer-
ization. By the batch type polymerization, the polymer thus
prepared has narrow molecular weight distribution and 1s
favorable 1n view of the improvement of physical properties,
but has defects of low productivity and inferior processabil-
ity. By the continuous type polymerization, polymerization
1s continuously performed, productivity 1s excellent, and 1t 1s
favorable 1n view of improving processability, but molecular
weight distribution 1s wide and physical properties are
inferior. Thus, during preparing SBR or BR, research on
improving productivity, processability and physical proper-
ties at the same time 1s consistently required.

PRIOR ART DOCUMENTS

Patent Documents

(Patent Document 1) U.S. Pat. No. 4,397,994 A
(Patent Document 2) JP1994-271706 A

DISCLOSURE OF THE INVENTION

Technical Problem

The present mvention has been devised to solve the
above-mentioned defects of the conventional technique, and
an object of the present invention 1s to provide a method for
preparing a modified conjugated diene-based polymer which
shows excellent productivity and processability by a con-
tinuous type polymerization, and has excellent physical
properties such as tensile properties and excellent viscoelas-

ticity.
Technical Solution

To solve the above-described tasks, according to an
embodiment of the present invention, there 1s provided a
method for preparing a modified conjugated diene-based
polymer, including a step of polymerizing a conjugated
diene-based monomer 1n the presence of an organometal
compound 1n a hydrocarbon solvent to prepare an active
polymer which 1s coupled with an organometal (51); and a
step of reacting or coupling the active polymer prepared 1n
step (S1) with a modifier (S2), wherein step (S1) 1s con-
tinuously performed 1n two or more polymerization reactors,
and a polymerization conversion ratio in a first reactor
among the polymerization reactors 1s 50% or less.

Advantageous Eflects

If a modified conjugated diene-based polymer 1s prepared
according to the present invention, due to a continuous type
polymerization, a modified conjugated diene-based polymer
having excellent productivity and processability and equiva-
lent or better degree of narrow molecular weight distribution
as a modified conjugated diene-based polymer prepared by
a batch type polymerization may be prepared. Thus, eflect of
preparing a modified conjugated diene-based polymer hav-
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ing excellent physical properties such as tensile properties
and viscoelasticity properties may be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings in the present disclosure
illustrate preferred embodiments of the present invention
and are included together with the above description to
provide a further understanding of the inventive concept.
The inventive concept, however, should not be construed as
limited to the accompanying drawings.

FI1G. 1 1llustrates a molecular weight distribution curve by
gel permeation chromatography (GPC) of a modified con-
jugated diene-based polymer of Example 1 according to an
embodiment of the present invention.

FI1G. 2 1llustrates a molecular weight distribution curve by
gel permeation chromatography (GPC) of a modified con-
jugated diene-based polymer of Example 6 according to an
embodiment of the present invention.

FI1G. 3 1llustrates a molecular weight distribution curve by
gel permeation chromatography (GPC) of a modified con-
jugated diene-based polymer of Comparative Example 1
according to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L.

Hereinatiter, the present invention will be described in
more detail 1n order to assist the understanding of the present
invention.

It will be understood that words or terms used in the
specification and claims shall not be interpreted as the
meaning defined 1n commonly used dictionaries. It will be
turther understood that the words or terms should be inter-
preted as having a meaning that 1s consistent with their
meaning of the technical 1dea of the invention, based on the
principle that an inventor may properly define the meaning,
of the words or terms to best explain the mvention.

The method for preparing a modified conjugated diene-
based polymer according to the present invention includes a
step of polymerizing a conjugated diene-based monomer 1n
the presence of an organometal compound 1n a hydrocarbon
solvent to prepare an active polymer which 1s coupled with
an organometal (S1); and a step of reacting or coupling the
active polymer prepared in step (S1) with a modifier (S2),
wherein step (S1) 1s continuously performed in two or more
polymerization reactors, and a polymerization conversion
rat1o in a {irst reactor among the polymerization reactors 1s
50% or less.

According to an embodiment of the present invention, the
conjugated diene-based monomer may be one or more
selected from the group consisting of 1,3-butadiene, 2,3-
dimethyl-1,3-butadiene, piperylene, 3-butyl-1,3-octadiene,
1soprene, 2-phenyl-2,3-butadiene and 2-halo-1,3-butadiene
(halo means a halogen atom).

The hydrocarbon solvent 1s not specifically limited and
may be, for example, one or more selected from the group
consisting of n-pentane, n-hexane, n-heptane, isooctane,
cyclohexane, toluene, benzene and xylene.

According to an embodiment of the present invention, the
organometal compound may be used from 0.01 mmol to 10
mmol, from 0.05 mmol to 5 mmol, from 0.1 mmol to 2
mmol, from 0.1 mmol to 1 mmol, or from 0.15 to 0.8 mmol
based on total 100 g of the monomer. The organometal
compound may be, for example, one or more selected from
the group consisting of methyllithium, ethyllithtum, propy-
llithtum, 1sopropyllithium, n-butyllithium, s-butyllithium,
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t-butyllithium, hexyllithium, n-decyllithium, t-octyllithium,
phenyllithium, 1-naphthyl Iithium, n-eicosyl hithium,
4-butylphenyl lithium, 4-tolyl lithium, cyclohexyl lithium,
3,5-di-n-heptylcyclohexyl lithium, 4-cyclopentyl lithium,
naphthyl sodium, naphthyl potassium, lithium alkoxide,
sodium alkoxide, potassium alkoxide, lithium sulfonate,
sodium sulfonate, potasstum sulfonate, lithium amide,
sodium amide, potasstum amide, and lithium 1sopropylam-
ide.

The polymerization of step (S1) may be, for example, an
anionic polymerization, and particularly, a living anionic
polymerization by which an anionic active part 1s formed at
the polymerization terminal through a propagation reaction
by anions. In addition, the polymerization of step (S1) may
be conducted by a polymerization with heating, an 1sother-
mal polymerization, or a polymerization at a constant tem-
perature (adiabatic polymerization). Here, the polymeriza-
tion at a constant temperature means a polymerization
method including a step of polymerizing using self-gener-
ated heat of reaction without optionally applying heat after
adding an organometal compound, and the polymerization
with heating means a polymerization method including
injecting the organometal compound and increasing the
temperature by optionally applying heat. The isothermal
polymerization means a polymerization method by which
the temperature of a polymer 1s kept constant by applying
heat or taking heat after adding the organometal compound.

In addition, the polymerization of step (S1) may be
conducted in a temperature range of 80° C. or less, —20° C.
to 80° C., 0° C. to 80° C., 0° C. to 70° C., or 10° C. to 70°
C., and 1n this range, the molecular weight distribution of a
polymer 1s controlled narrow, and eflect of excellent
improvement of physical properties may be achieved.

The active polymer prepared by step (S1) may mean a
polymer mm which a polymer amion and an organometal
cation are coupled.

Meanwhile, the polymerization of step (S1) may be
performed by including an aromatic vinyl monomer, and in
this case, the active polymer prepared by step (S1) may be
an active copolymer obtained by copolymerizing a conju-
gated diene-based monomer and an aromatic vinyl mono-
mer. The aromatic vinyl monomer may be, for example, one
or more selected from the group consisting of styrene,
a-methylstyrene, 3-methylstyrene, 4-methylstyrene, 4-pro-
pylstyrene, 1-vinylnaphthalene, 4-cyclohexylstyrene, 4-(p-
methylphenyl)styrene, 1-vinyl-5-hexylnaphthalene, 3-(2-
pyrrolidino ethyl)styrene, 4-(2-pyrrolidino ethyl)styrene,
and 3-(2-pyrrolidino-1-methyl ethyl)-c-methylstyrene.

I1 the polymerization of step (S1) 1s performed by 1nclud-
ing an aromatic vinyl monomer, the aromatic vinyl mono-
mer may be included 1 an amount of greater than 0 wt %
to 90 wt % based on total 100 wt % of a conjugated
diene-based monomer and an aromatic vinyl monomer.
Within this range, eflect of excellent rolling resistance and
wet skid resistance and excellent balance between each of
physical properties may be achieved. In a particular embodi-
ment, the aromatic vinyl monomer may be included in an
amount of greater than 0 wt % to 90 wt %, greater than 0 wt
% to 50 wt %, or greater than 0 wt % to 40 wt % based on
100 wt % of a monomer mixture of a conjugated diene-based
monomer and an aromatic vinyl monomer, and may be
included in an amount of greater than 0 wt % to 10 wt %,
from 10 wt % to less than 20 wt %, from 20 wt % to less than
30 wt %, or from 30 wt % to 45 wt % to control the physical
properties ol a polymer via the control of the amount of a
conjugated diene-based monomer derived repeating unit or
an aromatic vinyl monomer derived repeating unit 1n a
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polymer. In each of the ranges, efiect of excellent rolling
resistance or wet skid resistance may be achieved.

In addition, according to an embodiment of the present
invention, the polymerization of step (S1) may be performed
by further including a diene-based compound of 1 to 10
carbon atoms, and in this case, preventing eflect of gel
formation on the wall surface of a reactor during operating
for a long time may be achieved. The diene-based compound
may be, for example, 1,2-butadiene.

Meanwhile, 11 the polymerization of step (S1) 1s per-
formed by further including a diene-based compound, the
diene-based compound may be included 1n an amount of
greater than 0 ppm to less than 200 ppm, greater than O ppm
to 150 ppm, or greater than O ppm to 120 ppm based on 100
wt % of an amount of a monomer, or a mixture of a
monomer mixture and a diene-based compound, particu-
larly, a conjugated diene-based monomer, or a mixture of a
monomer mixture of a conjugated diene-based monomer
and an aromatic vinyl monomer and a diene-based com-
pound. Within the range, preventing effect of gel formation
on the wall surface of a reactor may be achieved without
allecting the physical properties of a polymer.

According to an embodiment of the present invention, the
active polymer prepared by step (S1) may be a random
copolymer, and in this case, eflect of excellent balance
between each of physical properties may be achieved. The
random copolymer may mean an arranged state of repeating,
units constituting a copolymer in disorder.

In another embodiment, the method for preparing a modi-
fied conjugated diene-based polymer may include, prior to
step (S2), a step of injecting a conjugated diene-based
monomer to the active polymer prepared by step (S1) to
perform additional polymerization (S1'). By doing this prior
to step (S2), the eflect of substituting or end-capping the
terminal of the active polymer with a conjugated diene-
based monomer derived repeating unit may be achieved. The
conjugated diene-based monomer which 1s 1njected 1n step
(S1') may be greater than O parts by weight to 50 parts by
weight, or greater than O parts by weight to 30 parts by
weight with respect to 100 parts by weight of the conjugated
diene-based monomer which 1s ijected 1n step (S1). Within
this range, eflect of excellent reaction efliciency of step (S2)
may be achieved.

According to an embodiment of the present invention, the
method for preparing a modified conjugated diene-based
polymer may be performed 1n a plurality of reactors includ-
ing two or more polymerization reactors and a modification
reactor by a continuous type polymerization method. In a
particular embodiment, step (S1) may be performed con-
tinuously 1n two or more polymerization reactors including,
a first reactor, and the number of the polymerization reactor
may be flexibly determined according to reaction conditions
and environment. The continuous type polymerization
method may mean reaction processes ol continuously sup-
plying reactants to a reactor and continuously discharging
reaction products thus produced. By the continuous type
polymerization method, effect of excellent productivity and
processability, and excellent uniformity of the polymer thus
prepared may be achieved.

In addition, according to an embodiment of the present
invention, if the active polymer 1s continuously prepared 1n
the polymerization reactor, a polymerization conversion
rat1o 1n the first reactor may be 50% or less, from 10% to
50%, or from 20% to 50%, and within this range, side
reactions generated while forming a polymer after initiating,
polymerization reaction may be restrained and a polymer
with a linear structure may be induced during polymeriza-
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tion. Thus, the molecular weight distribution of the polymer
may be controlled narrow, and effect of excellent improve-
ment of physical properties may be achieved.

In this case, the polymerization conversion ratio may be
controlled according to the reaction temperature, the resi-
dence time 1n the reactor, etc.

The polymernization conversion ratio may be determined,
for example, by measuring a solid concentration 1n a poly-
mer solution phase including the polymer during polymer-
izing a polymer. In a particular embodiment, 1n order to
secure the polymer solution, a cylinder type container 1s
installed at the outlet of each polymerization reactor to fill a
certain amount of the polymer solution in the cylinder type
container. Then, the cylinder type container i1s separated
from the reactor, the weight (A) of the cylinder filled with
the polymer solution 1s measured, the polymer solution filled
in the cylinder type container is transported to an aluminum
container, for example, an aluminum dish, the weight (B) of
the cylinder type container from which the polymer solution
1s removed 1s measured, the aluminum container containing
the polymer solution i1s dried 1 an oven of 140° C. for 30
minutes, the weight (C) of a dried polymer 1s measured, and
calculation 1s performed according to the following Math-
ematical Equation 1:

[Mathematical Equation 1]

Polymer conversion ratio (%) =
Weight(()
[(Weight{A) — Weight(B)) X
total solid content of each reactor (wt % T.SC)]

Meanwhile, the polymer polymerized 1n the first reactor
may be transported to a polymerization reactor before a

modification reactor in order, and polymerization may be
performed until the final polymerization conversion ratio
becomes 95% or more. After performing the polymerization
in the first reactor, the polymerization conversion ratio of the
second reactor, or each reactor from the second reactor to the
polymerization reactor before the modification reactor may
be approprnately controlled to control molecular weight
distribution.

Meanwhile, 1n step (S1), during preparing an active
polymer, the residence time of a polymer 1n the first reactor
may be from 1 minute to 40 minutes, from 1 minute to 30
minutes, or from 5 minutes to 30 minutes, and within this
range, the control of a polymerization conversion ratio 1s
tavorable, and thus, the control of molecular weight distri-
bution of a polymer narrow 1s possible, and eflect of
improving physical properties may be excellent.

The term “polymer” used in the present invention may
mean an intermediate of a polymer type, which 1s under
polymerization 1n each reactor during performing step (S1),
after finishing step (S1) or step (S2), prior to obtaining an
active polymer or a modified conjugated diene-based poly-
mer, or may mean a polymer of a polymerization conversion
ratio of less than 93%, which 1s under polymerization 1n a
reactor.

According to an embodiment of the present invention, the
molecular weight distribution (PDI, polydispersed index;
MWD; Mw/Mn) of the active polymer prepared in step (S1)
may be 1.5 or less, from 1.0 to less than 1.5, or from 1.1 to
less than 1.5, and within this range, the molecular weight
distribution of a modified conjugated diene-based polymer
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which 1s prepared via a modification reaction or coupling
with a modifier 1s narrow, and improving efliect of physical
properties may be excellent.

Meanwhile, the polymerization of step (S1) may be
performed by including a polar additive, and the polar
additive may be added 1n an amount o1 0.001 g to 50 g, 0.001
g to 10 g, or 0.005 g to 0.1 g based on total 100 g of the
monomer. In another embodiment, the polar additive may be
added 1n an amount of 0.001 g to 10 g, 0.005 gto 5 g, or
0.005 g to 4 g based on total 1 mmol of an organometal
compound.

The polar additive may be, for example, one or more
selected from the group consisting of tetrahydrofuran, 2,2-
di(2-tetrahydrofuryl)propane, diethyl ether, cycloamyl ether,
dipropyl ether, ethylene methyl ether, ethylene dimethyl
cther, diethyl glycol, dimethyl ether, tert-butoxy ethoxy
cthane, bis(3-dimethylaminoethyl)ether, (dimethylamino-
cthyl) ethyl ether, trimethylamine, triethylamine, tripro-
pylamine, N,N,N' N'-tetramethylethylenediamine, sodium
metholate, and 2-ethyl tetrahydrofuturyl ether, and may
preferably be ditetrahydrofurylpropane, tetramethylene eth-
ylenediamine, sodium metholate, or 2-ethyl tetrahydrofufu-
ryl ether. I1 the polar additive 1s included, and if conjugated
diene-based monomers, or a conjugated diene-based mono-
mer and an aromatic vinyl-based monomer are copolymer-
1zed, the difference of their reaction rates may be compen-
sated, and eflect of inducing easy formation of a random
copolymer may be achieved.

The modifier according to the present invention may be a
modifier to modity the terminal of a conjugated diene-based
polymer, and particularly, a modifier having an athinity with
silica. The modifier having an atlinity with silica may mean
a modifier contaiming a functional group having an aflinity
with silica in a compound used as a modifier, and the
functional group having an aflinity with silica may mean a
functional group having an excellent athnity with a filler,
particularly, a silica-based filler, and enabling interaction
between the silica-based filler and the modifier derived
functional group.

The modifier may be, for example, an alkoxysilane-based
modifier, and particularly, an alkoxysilane-based modifier
including one or more heteroatoms such as a nitrogen atom,
an oxygen atom, and a sulfur atom. If the alkoxysilane-based
modifier 1s used, through the substitution reaction between
an anionic active part positioned at one terminal of the active
polymer and the alkoxy group of the alkoxysilane-based
modifier, modification may be performed into a type in
which the one terminal of the active polymer 1s coupled with
a silyl group, and thus, aflimity with an inorganic filler may
be improved due to the functional group derived from the
modifier, which 1s present at one terminal of a modified
conjugated diene-based polymer, thereby achieving improv-
ing ellect of the mechanical properties of a rubber compo-
sition 1ncluding the modified conjugated diene-based poly-
mer. Also, if the alkoxysilane-based modifier includes a
nitrogen atom, increasing eilect of additional physical prop-
erties derived from the nitrogen atom may be expectable 1n
addition to the eflect derived from the silyl group.

According to an embodiment of the present invention, the
modifier may include a compound represented by the fol-
lowing Formula 1:

(R*—R*'3 N-R'—Si(OR?),(R)5.),, [Formula 1]

In Formula 1, R' may be a single bond, or an alkylene
group of 1 to 10 carbon atoms, R* and R®> may be each
independently an alkyl group of 1 to 10 carbon atoms, R
may be hydrogen, an alkyl group of 1 to 10 carbon atoms,
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a divalent, trivalent or tetravalent alkylsilyl group which 1s
substituted with an alkyl group of 1 to 10 carbon atoms, or
a heterocyclic group of 2 to 10 carbon atoms, R*' may be a
single bond, an alkylene group of 1 to 10 carbon atoms, or
—|R**0O]—, where R* may be an alkylene group of 1 to 10
carbon atoms, and a and m may be each independently an
integer selected from 1 to 3, n may be an integer of O, 1, or
2, and ] may be an integer selected from 1 to 30.

In a particular embodiment, in Formula 1, R' may be a
single bond, or an alkylene group of 1 to 5 carbon atoms, R>
and R’ may be each independently hydrogen, or an alkyl
group of 1 to 5 carbon atoms, R* may be hydrogen, an alkyl
group of 1 to 5 carbon atoms, a tetravalent alkylsilyl group
which 1s substituted with an alkyl group of 1 to 5 carbon
atoms, or a heterocyclic group of 2 to 5 carbon atoms, R*'
may be a single bond, an alkylene group of 1 to 5 carbon
atoms, or —[R**0O] —, where R** may be an alkylene group
of 1 to 5 carbon atoms, and a may be an integer of 2 or 3,
m may be an integer selected from 1 to 3, n may be an
integer of 0, 1, or 2, where m+n=3 may be satisfied, and ;
may be an integer selected from 1 to 10.

In Formula 1, if R* is a heterocyclic group, the hetero-
cyclic group may be unsubstituted or substituted with a
trisubstituted alkoxysilyl group. If the heterocyclic group 1s
substituted with a trisubstituted alkoxysilyl group, the sub-
stitution of the trisubstituted alkoxysilyl group may be
performed by the connection thereol with the heterocyclic
group via an alkylene group of 1 to 10 carbon atoms, and the
trisubstituted alkoxysilyl group may mean an alkoxysilyl
group which 1s substituted with an alkoxy group of 1 to 10
carbon atoms.

In a more particular embodiment, the compound repre-
sented by Formula 1 may be one selected from the group
consisting of N,N-bis(3-(dimethoxy(methyl)silyl)propyl)-
methyl-1-amine, N,N-bis(3-(diethoxy(methyl)silyl)propyl)-
methyl-1-amine, N,N-bis(3-(trimethoxysilyl)propyl)-
methyl-1-amine, N,N-bis(3-(triethoxysilyl)propyl)- methyl-
l-amine, 3-(trimethoxysilyl)-N,N-diethylpropan-1-amine,
3-(triethoxysilyl)-N,N-diethylpropan-1-amine, tr1
(trimethoxysilyl)amine, tri-(3-(trimethoxysilyl)propyl)
amine, N,N-bis(3-(diethoxy(methyl)silyl)propyl)-1,1,1-
trimethylsilanamine, N,N-bi1s(3-(1H-imidazol-1-yl)propyl)-
(tricthoxysilyl)methan-1-amine, N-(3-(1H-1,2,4-triazole-1-
yDpropyl)-3-(trimethoxysilyl)-N-(trimethoxysilyl)propyl)
propan-1-amine, 3-(trimethoxysilyl)-N-(3-(trimethoxysilyl)
propyl)-N-(3-(1-(3-(trimehtoxysilyl)propyl)-1H-1,2.4-
triazol-3-yl)propyl)propan-1-amine, N,N-bis(2-(2-
methoxyethoxy)ethyl)-3-(triethoxysilyl)  propan-1-amine,
N,N-b1s(3-(triethoxysilyl)propyl)-2,5,8,11,14-pentaoxa-
hexadecan-16-amine, N-(2,5,8,11,14-pentaoxahexadecan-
16-y1)-N-(3-(triethoxysilyl)propyl)-2,5,8,11,14-pentaoxa-
hexadecan-16-amine and N-(3,6,9,12-tetraoxahexadecyl)-
N-(3-(triethoxysilyl)propyl)-3,6,9,12-tetraoxahexadecan-1 -
amine.

In another embodiment, the modifier may include a com-
pound represented by the following Formula 2:

|Formula 2]

)\ /Rﬁ—Si(OR%b(RS)g-b
N 7 N—R>—N
N/ \
A R®—Si(OR!%) (R,
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In Formula 2, R°, R® and R” may be each independently
an alkylene group of 1 to 10 carbon atoms, R’, R®, R'® and
R' may be each independently an alkyl group of 1 to 10
carbon atoms, R'* may be hydrogen or an alkyl group of 1
to 10 carbon atoms, b and ¢ may be each independently O,
1, 2 or 3, where b+cz=1 may be satisfied, A may be

=

Rl3 RH or RIS Rlﬁ,

where R"°, R'*, R"™ and R'® may be each independently
hydrogen or an alkyl group of 1 to 10 carbon atoms.

In a particular embodiment, the compound represented by
Formula 2 may be one selected from N-(3-(1H-1midazol-1-
yDpropyl)-3-(triethoxysilyl)-N-(3-(triethoxysilyl)propyl)
propan-1-amine and 3-(4,5-dihydro-1H-imidazol-1-yl1)-N,
N-b1s(3-(triethoxysilyl)propyl)propan-1-amine.

In another embodiment, the modifier may include a com-
pound represented by the following Formula 3:

|[Formula 3]

]5‘{1? ]5‘{19

1! O O 13

\ | | /
N—A!—Si—O0—Si—A*—N

{ | | A\

L. O O L.
1!118 1!{20

In Formula 3, A' and A® may be each independently a
divalent hydrocarbon group of 1 to 20 carbon atoms, which
includes or does not include an oxygen atom, R'’ to R*° may
be each independently a monovalent hydrocarbon group of
1 to 20 carbon atoms, " to L* may be each independently
a divalent, trivalent or tetravalent alkylsilyl group which 1s
substituted with an alkyl group of 1 to 10 carbon atoms, or
a monovalent hydrocarbon group of 1 to 20 carbon atoms,
or L' and L*, and L° and L* may be connected with each
other to form a ring of 1 to 5 carbon atoms, where if L." and
[.*, and I.° and L.* are connected with each other to form a
ring, the ring thus formed may include one to three of one
or more heteroatoms selected from the group consisting of
N, O and S.

In a particular embodiment, in Formula 3, A' and A* may
be each independently an alkylene group of 1 to 10 carbon
atoms, R’ to R*® may be each independently an alkyl group
of 1 to 10 carbon atoms, L' to L* may be each independently
a tetravalent alkylsilyl group which 1s substituted with an
alkyl group of 1 to 5 carbon atoms, or an alkyl group of 1
to 10 carbon atoms, or L' and L*, and L° and L* may be
connected with each other to form a ring of 1 to 3 carbon
atoms, where if ' and %, and > and L. are connected with
cach other to form a ring, the ring thus formed may i1nclude
1 to 3 atoms of one or more heteroatoms selected from the
group consisting of N, O and S.

In a more particular embodiment, the compound repre-
sented by Formula 3 may be one selected from 3,3'-(1,1,3,
3-tetramethoxydisiloxane-1,3-diyl)bis(N,N-dimethylpro-
pan-1-amine, 3,3'-(1,1,3,3-tetracthoxydisiloxane-1,3-diyl)
bis(N,N-dimethylpropan-1-amine, 3,3'-(1,1,3,3-
tetrapropoxydisiloxane-1,3-diyl)bis(N,N-dimethylpropan-
l-amine, 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-diyl)bis
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10
(N,N-diethylpropan-1-amine, 3,3'-(1,1,3,3-
tetramethoxydisiloxane-1,3-diyl)bis(N,N-dipropylpropan-
1-amine, 3,3'-(1,1,3,3-tetracthoxydisiloxane-1,3-diyl)bis(IN,
N-diethylpropan-1-amine, 3,3'-(1,1,3,3-
tetrapropoxydisiloxane-1,3-diyl)bis(IN,N-diethylpropan-1-
amine, 3,3'-(1,1,3,3-tetracthoxydisiloxane-1,3-diyl)bis(IN,
N-dipropylpropan-1-amine, 3,3'-(1,1,3,3-
tetrapropoxydisiloxane-1,3-diyl)bis(N,N-dipropylpropan-1-
amine, 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-diyl)bis(IN,
N-diethylmethan-1-amine, 3,3'-(1,1,3,3-
tetracthoxydisiloxane-1,3-diyl)bis(IN,N-diethylmethan-1-
amine, 3,3'-(1,1,3,3-tetrapropoxydisiloxane-1,3-diyl)bis(NN,
N-diethylmethan-1-amine, 3,3'-(1,1,3,3-
tetramethoxydisiloxane-1,3-diyl)bis(N,N-dimethylmethan-
l-amine, 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-diyl)bis
(N,N-dipropylmethan-1-amine, 3,3'-(1,1,3,3-
tetrapropoxydisiloxane-1,3-diyl)bis(IN,N-dimethylmethan-
l-amine, 3,3'-(1,1,3,3-tetrapropoxydisiloxane-1,3-diyl)bis
(N,N-dipropylmethan-1-amine, 3,3'-(1,1,3,3-
tetracthoxydisiloxane-1,3-diyl)bis(N,N-dimethylmethan-1 -
amine, 3,3'-(1,1,3,3-tetracthoxydisiloxane-1,3-diyl)bis(IN,
N-dipropylmethan-1-amine, N,N"-((1,1,3,3-
tetramethoxydisiloxane-1,3-diyl)bis(propan-3,1-diyl))bis(1,
1,1-trimethyl-N-(trimethylsilyl)silanamine, N,N'-((1,1,3,3-
tetracthoxydisiloxane-1,3-diyl)bis(propan-3,1-diyl))bis(1,1,
1 -trimethyl-N-(trimethylsilyl)silanamine,  N,N'-((1,1,3,3-
tetrapropoxydisiloxane-1,3-diyl)bis(propan-3,1-diyl))bis(1,
1,1-trimethyl-N-(trimethylsilyl)silanamine, N,N'-((1,1,3,3-
tetramethoxydisiloxane-1,3-diyl)bis(propan-3,1-diyl))bis(1,
1,1-trimethyl-N-phenylsilanamine, N,N"'-((1,1,3,3-
tetracthoxydisiloxane-1,3-diyl)bis(propan-3,1-diyl))bis(1,1,
1 -trimethyl-N-phenylsilanamine, N,N'-((1,1,3,3-
tetrapropoxydisiloxane-1,3-diyl)bis(propan-3,1-diyl))bis(1,
1,1-trimethyl-N-phenylsilanamine, 1,3-b1s(3-(1H-1midazol-
1-yDpropyl)-1,1,3,3-tetramethoxydisiloxane, 1,3-bis(3-(1H-
imidazol-1-yl)propyl)-1,1,3,3-tetracthoxydisiloxane,  and
1,3-bi1s(3-(1H-1imidazol-1-yl)propyl)-1,1,3,3-tetrapropoxy-
disiloxane.

In another embodiment, the modifier may include a com-
pound represented by the following Formula 4:

|Formula 4]

R31\\ R32

(\ N#‘" }qu ™~ Si(OR34)g(R35)3_g
R33

\) N SiOR), R

In Formula 4, R’” may be a monovalent hydrocarbon
group of 1 to 30 carbon atoms, R’>' to R> may be each
independently an alkylene group of 1 to 10 carbon atoms,
R** to R®°” may be each independently an alkyl group of 1 to
10 carbon atoms, and g and h may be each independently O
or an integer selected from 1 to 3, where g+h 1s an integer
of 1 or more.

In another embodiment, the modifier may include a com-
pound represented by the following Formula 5:

|Formula 5]
R38 R4D
—N/ \N—A3 Si— O éiﬁz_—A“—N/ \N—
/L L\
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In Formula 5, A® and A* may be each independently an
alkylene group of 1 to 10 carbon atoms, R>® to R*! may be
cach mdependently an alkyl group of 1 to 10 carbon atoms,
or an alkoxy group of 1 to 10 carbon atoms, and 1 may be
an mteger selected from 1 to 30.

In another embodiment, the modifier may include one or
more selected from 3,4-bis(2-methoxyethoxy)-N-(4-(trim-
cthylsilyl)butylaniline, N,N-diethyl-3-(7-methyl-3,6,8,11-
tetraoxa-7-silatridecan-7-yl)propan-1-amine, 2.,4-bis(2-
methoxyethoxy)-6-((trimethylsilyl ymethyl)-1,3,5-triazine
and 3,13-dimethoxy-3,8,8,13-tetramethyl-2,14-dioxa-7,9-
dithia-3,8,13-trisilapentadecane.

In another embodiment, the modifier may include a com-
pound represented by the following Formula 6:

(R*¥-, . SnS—R**—Si(OR*)(R**); ). [Formula 6]

In Formula 6, R*, R*™ and R** may be each indepen-
dently an alkyl group of 1 to 10 carbon atoms, R** may be
an alkylene group of 1 to 10 carbon atoms, and k may be an
integer selected from 1 to 4.

In a more particular embodiment, the compound repre-
sented by Formula 6 may be one selected from 8,8-dibutyl-
3,13-dimethoxy-3,13-dimethyl-2,14-dioxa-7,9-dithia-3,13-
disila-8-stannapentadecane, 8,8-dimetyl-3,13-dimethoxy-3,
13-dimethyl-2,14-dioxa-7,9-dithia-3,13-d1s1la-8-
stannapentadecane, 8,8-dibutyl-3,3,13,13-tetramethoxy-2,
14-dioxa-7,9-dithia-3,13-dis1la-8-stannapentadecane  and
8-butyl-3,3,13,13-tetramethoxy-8-((3-(trimethoxysilyl )pro-
pyl)thio)-2,14-dioxa-7,9-dithia-3,13-disila-8-stannapenta-
decane.

In another embodiment, the modifier may include a com-
pound represented by the following Formula 7/:

|Formula 7]
(OR?M 4 R*)3_4Si R47
\R22—N< >N—R<3
R4S Si(OR),(R*)s.,

In Formula 7, R** and R*® may be each independently an
alkylene group of 1 to 20 carbon atoms, or —R**[OR*"] | —
R**to R*/ may be each independently an alkyl group of 1 to
20 carbon atoms or an aryl group of 6 to 20 carbon atoms,
R*® and R*” may be each independently an alkylene group
of 1 to 20 carbon atoms, R*” and R* may be each indepen-
dently a divalent hydrocarbon group of 1 to 6 carbon atoms,
d and e may be each independently O, or an integer selected
from 1 to 3, where d+e¢ 1s an integer of 1 or more, and 1 may
be an iteger of 1 to 30.

Particularly, in Formula 7, R** and R* may be each
independently an alkylene group of 1 to 10 carbon atoms, or
—R**[OR*”] —, R** to R*" may be each independently an
alkyl group of 1 to 10 carbon atoms, R*®* and R*” may be
cach independently an alkylene group of 1 to 10 carbon
atoms, d and ¢ may be each independently O, or an integer
selected from 1 to 3, where d+¢ 1s an mteger of 1 or more,
and I may be an integer selected from 1 to 30.

More particularly, the compound represented by Formula
7 may be a compound represented by the following Formula
7a, Formula 7b, or Formula 7c:
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|Formula 7a]

(OR*)4(R* )3431\

\

RZZ_ < N_R23

/ \Si(OR%)e(RE?)g-E
|Formula 7b]

(OR*M4(R*)34Si

\ N

R**—N N—R*

\—’ \Si(ORzﬁ)e(Rz?)B-e

|Formula 7¢]|
ue

(OR*)4(R*)3 Si
R**—N N— R

~_ \
Si(OR*)(R*)3-,

In Formula 7a, Formula 7b, and Formula 7¢, R** to R*’,
d, and e are the same as described above.

In a more particular embodiment, the compound repre-
sented by Formula 7 may be one selected from 1,4-bis(3-
(3-(triethoxysilyl)propoxy)propyl)piperazine, 1,4-bis(3-(tr1-
cthoxysilyl)propyl)piperazine, 1,4-bis(3-(trimethoxysilyl)
propyl)piperazine, 1,4-bis(3-(dimethoxymethylsilyl)propyl)
piperazine, 1-(3-(ethoxydimethyllsilyl)propyl)-4-(3-
(tricthoxysilyl)propyl)piperazine, 1-(3-(ethoxydimethyl)
propyl)-4-(3-(triethoxysilyl)methyl)piperazine, 1-(3-
(ethoxydimethyl)methyl)-4-(3-(triethoxysilyl)propyl)
piperazine, 1,3-bis(3-(triethoxysilyl)propyl)imidazolidine,
1,3-bis(3-(dimethoxyethylsilyl)propyl)imidazolidine, 1,3-
b1s(3-(trimethoxysilyl)propyl )hexahydropyrimidine, 1,3-bis
(3-(triethoxysilyl)propyl )hexahydropyrimidine and 1,3-bis
(3-(tributoxysilyl)propyl)-1,2,3,4-tetrahydropyrimidine.

The term “monovalent hydrocarbon group” used in the
present invention may mean a monovalent atomic group in
which carbon and hydrogen are bonded, for example, mon-
ovalent alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkyl
including one or more unsaturated bond, and aryl, and the
minimum number ol carbon atoms of a substituent repre-
sented by monovalent hydrocarbon may be determined by
the kind of each substituent.

The term “divalent hydrocarbon group™ used 1n the pres-
ent invention may mean a divalent atomic group 1n which
carbon and hydrogen are bonded, for example, divalent
alkylene, alkenylene, alkynylene, cycloalkylene, cycloal-
kylene including one or more unsaturated bond, and arylene,

and the minimum number of carbon atoms of a substituent
represented by divalent hydrocarbon may be determined by
the kind of each substituent.

The term ““alkyl group” used 1n the present invention may
mean monovalent aliphatic saturated hydrocarbon, and may
mean including all linear alkyl groups such as methyl, ethyl,
propyl and butyl, and branched alkyl groups such as iso-
propyl, sec-butyl, tert-butyl and neo-pentyl.

The term “alkylene group™ used 1n the present invention
may mean divalent aliphatic saturated hydrocarbon such as
methylene, ethylene, propylene and butylene.

The term ““alkenyl group” used in the present invention
may mean an alkyl group including one or two or more
double bonds.

The term “alkynyl group™ used 1n the present invention
may mean an alkyl group including one or two or more triple

bonds.
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The term “cycloalkyl group” used 1n the present invention
may mean cyclic saturated hydrocarbon, or cyclic unsatu-
rated hydrocarbon including one or two or more unsaturated
bonds.

The term ““aryl group” used 1n the present mnvention may
mean cyclic aromatic hydrocarbon, and may mean including,
monocyclic aromatic hydrocarbon in which one cycle 1s
formed, or polycyclic aromatic hydrocarbon in which two or
more cycles are combined.

The term “heterocyclic group™ used 1n the present inven-
tion may mean including a cycloalkyl group or an aryl
group, 1n which a carbon atom 1n the cycloalkyl group or the
aryl group 1s substituted with one or more heteroatoms.

According to an embodiment of the present invention, the
reaction or coupling of step (S2) may be performed 1 a
modification reactor, and 1n this case, the modifier may be
used 1 an amount of 0.01 mmol to 10 mmol based on total
100 g of the monomer. In another embodiment, the modifier
may be used 1n a molar ratio of 1:0.1 to 10, 1:0.1 to 3, or
1:0.1 to 1:2 based on 1 mol of the organometal compound of
step (S1).

In addition, according to an embodiment of the present
invention, the modifier may be injected into a modification
reactor, and step (S2) may be performed 1n the modification
reactor. In another embodiment, the modifier may be
injected to a transporting part for transporting an active
polymer prepared in step (S1) to a modification reactor for
performing step (S2), and 1n the transporting part, reaction
or coupling by the mixing of the active polymer and the
modifier may be performed.

According to the present invention, a modified conjugated
diene-based polymer prepared according to the preparation
method of a modified conjugated diene-based polymer 1s
provided. The modified conjugated diene-based polymer
may include a conjugated diene-based monomer derived
repeating unit and a modifier derived functional group. The
conjugated diene-based monomer derived repeating unit
may mean a repeating unit formed during polymerizing a
conjugated diene-based monomer, and the modifier derived
functional group may mean a functional group derived from
a modifier present at one terminal of an active polymer via
reaction or coupling between an active polymer and a
modifier.

Meanwhile, the modified conjugated diene-based poly-
mer may be, for example, a copolymer further including an
aromatic vinyl monomer derived repeating unit together
with the conjugated diene-based monomer derived repeating,
unit. If the modified conjugated diene-based polymer 1s a
copolymer including an aromatic vinyl monomer derived
repeating umt, the modified conjugated diene-based polymer
may include greater than O wt % to 90 wt % of the aromatic
vinyl monomer derived repeating unit and in this range,
ellect of excellent rolling resistance and wet skit resistance
may be achieved. In a particular embodiment, the modified
conjugated diene-based polymer may include greater than O
wt % to 90 wt %, greater than O wt % to 50 wt %, or greater
than 0 wt % to 45 wt %, 1n a more particular embodiment,
greater than O wt % to less than 10 wt %, 10 wt % to less
than 20 wt %, 20 wt % to less than 30 wt %, or 30 wt % to
less than 45 wt % of an aromatic vinyl monomer derived
repeating unit, and in each range, effect of excellent rolling
resistance and wet skid resistance may be achieved.

According to an embodiment of the present invention, the
copolymer may be a random copolymer, and 1n this case,
ellect of excellent balance between each of physical prop-
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erties may be achieved. The random copolymer may mean
the repeating units constituting a copolymer arranged in
disorder.

The modified conjugated diene-based polymer according,
to an embodiment of the present invention may have a

number average molecular weight (Mn) of 1,000 g/mol to
2,000,000 g/mol, 10,000 g/mol to 1,000,000 g/mol, or

100,000 g/mol to 800,000 g/mol, and a weight average
molecular weight (Mw) of 1,000 g/mol to 3,000,000 g/mol,
10,000 g/mol to 2,000,000 g/mol, or 100,000 g/mol to
2,000,000 g/mol. Within these ranges, effect ol excellent
rolling resistance and wet skid resistance may be achieved.
In another embodiment, the modified conjugated diene-
based polymer may have molecular weight distribution
(PDI; MWD; Mw/Mn) of less than 1.7, 1.0 to less than 1.7,
or 1.1 to less than 1.7, and within this range, elasticity
properties and viscoelasticity properties are excellent, and
balance between each of the physical properties thereof 1s
excellent. In another embodiment, the modified conjugated
diene-based polymer may have a unimodal shape molecular
weilght distribution curve by gel permeation chromatogra-
phy (GPC). That 1s, the modified conjugated diene-based
polymer according to an embodiment of the present inven-
tion may be prepared by a continuous type polymerization,
and has a umimodal shape molecular weight distribution
curve and molecular weight distribution of less than 1.7.

In another embodiment, the modified conjugated diene-
based polymer may have a S1 content of 50 ppm or more,
100 ppm or more, 100 ppm to 10,000 ppm, or 100 ppm to
5,000 ppm based on the weight. Within this range, effect of
excellent mechanical properties such as tensile properties
and viscoelasticity properties may be achieved for a rubber
composition including the modified conjugated diene-based
polymer. The Si content may mean the amount of S1 atoms
present 1 the modified conjugated diene-based polymer.
Meanwhile, the S1 atom may be derived from a modifier
derived functional group.

The S1 content may be measured via, for example, an ICP
analysis method, and the ICP analysis method may be
measured using an inductively coupled plasma optical emis-
sion spectroscopy (ICP-OES; Optima 7300DV). If the
inductively coupled plasma optical emission spectroscopy 1s
used, measurement may be performed by adding about 0.7
g of a specimen to a platinum (Pt) crucible, adding about 1
ml of concentrated sulturic acid (98 wt %, electronic grade)
thereto, heating at 300° C. for 3 hours, incinerating the
specimen 1n an electrical furnace (Thermo Scientific, Lind-
berg Blue M) by the following program of steps 1 to 3:

1) step 1: imitial temp 0° C., rate (temp/hr) 180° C./hr,
temp (holdtime) 180° C. (1 hr)

2) step 2: mitial temp 180° C., rate (temp/hr) 85° C./hr,
temp (holdtime) 370° C. (2 hr) and

3) step 3: mitial temp 370° C., rate (temp/hr) 47° C./hr,
temp (holdtime) 510° C. (3 hr),

adding 1 ml of concentrated nitric acid (48 wt %) and 20
ul of concentrated hydrofluoric acid (50 wt %) to a residue,
sealing the platinum crucible and shaking for 30 minutes or
more, adding 1 ml of boric acid to the specimen, storing at
0° C. for 2 hours or more, diluting 1n 30 ml ultrapure water,
and performing incineration.

The modified conjugated diene-based polymer may have
mooney viscosity at 100° C. of 30 or more, 40 to 130, or 40
to 140, and within this range, effect of excellent process-
ability and productivity may be achieved.

In addition, the modified conjugated diene-based polymer
may have a vinyl content of 5 wt % or more, 10 wt % or
more, or 10 wt % to 60 wt %. Here, the vinyl content may
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mean the amount of not 1.4-added but 1.2-added conjugated
diene-based monomer based on 100 wt % of a conjugated
diene-based copolymer constituted of a monomer having a
vinyl group and an aromatic vinyl-based monomer.

According to the present invention, a rubber composition
including the modified conjugated diene-based polymer 1s
provided.

The rubber composition may include the modified con-
jugated diene-based polymer 1mn an amount of 10 wt % or
more, 10 wt % to 100 wt %, or 20 wt % to 90 wt %, and
within this range, mechanical properties such as tensile
strength and abrasion resistance are excellent, and effect of
excellent balance between each of physical properties may
be achieved.

In addition, the rubber composition may further include
other rubber component, if needed, 1n addition to the modi-
fied conjugated diene-based polymer, and in this case, the
rubber component may be included in an amount of 90 wt
% or less based on the total amount of the rubber compo-
sition. In a particular embodiment, the rubber component
may be included 1n an amount of 1 part by weight to 900
parts by weight based on 100 parts by weight of the modified
conjugated diene-based copolymer.

The rubber component may be, for example, a natural
rubber or a synthetic rubber, and may particularly be a
natural rubber (NR) including c1s-1,4-polyisoprene; a modi-
fied natural rubber which i1s obtained by modifying or
purifying a common natural rubber, such as an epoxidized
natural rubber (ENR), a deproteinized natural rubber
(DPNR), and a hydrogenated natural rubber; and a synthetic
rubber such as a styrene-butadiene copolymer (SBR), a
polybutadiene (BR), a polyisoprene (IR), a butyl rubber
(IIR), an ethylene-propylene copolymer, a polyisobutylene-
co-1soprene, a neoprene, a poly(ethylene-co-propylene), a
poly(styrene-co-butadiene), a poly(styrene-co-1soprene), a
poly(styrene-co-1soprene-co-butadiene), a poly(isoprene-
co-butadiene), a poly(ethylene-co-propylene-co-diene), a
polysulfide rubber, an acryl rubber, a urethane rubber, a
silicone rubber, an epichlorohydrin rubber, a butyl rubber,
and a halogenated butyl rubber, and any one or a mixture
two or more thereol may be used.

The rubber composition may include a filler of 0.1 parts
by weight to 200 parts by weight, or 10 parts by weight to
120 parts by weight based on 100 parts by weight of the
modified conjugated diene-based polymer. The filler may be,
for example, a silica-based filler, particularly, wet silica
(hydrated silicate), dry silica (anhydrous silicate), calcium
silicate, aluminum silicate, or colloid silica. Preferably, the
filler may be wet silica which has the most significant
improving ellect of destruction characteristics and compat-
ible eflect of wet grip. In addition, the rubber composition
may further include a carbon black-based filler, 1f needed.

In another embodiment, 11 silica 1s used as the filler, a
silane coupling agent may be used together for the improve-
ment of reinforcing and low exothermic properties. Particu-
lar examples of the silane coupling agent may include
bis(3-triethoxysilylpropyljtetrasulfide, bis(3-triethoxysilyl-
propyl)trisulfide, bis(3-triethoxysilylpropyl)disulfide, bis(2-
triethoxysilylethyl)tetrasulfide, bis(3-trimethoxysilylpropyl)
tetrasulfide, bis(2-trimethoxysilylethyl)tetrasulfide,
3-mercaptopropyltrimethoxysilane,  3-mercaptopropyltri-
cthoxysilane, 2-mercaptoethyltrimethoxysilane, 2-mercap-
toethyltriethoxysilane, 3-trimethoxysilylpropyl-N,N-dim-
cthylthiocarbamoyltetrasulfide, 3-triethoxysilylpropyl-IN,N-
dimethylthiocarbamoyltetrasuliide, 2-triethoxysilylethyl-N,
N-dimethylthiocarbamoyltetrasulfide,
3-trimethoxysilylpropylbenzothiazolyltetrasulfide,
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cthoxysilylpropylbenzolyltetrasulfide, 3-triethoxysilylpro-
pylmethacrylatemonosulfide, 3-trimethoxysilylpropylmeth-
acrylatemonosulfide, bis(3-diethoxymethylsilylpropyl)
tetrasulfide, 3-mercaptopropyldimethoxymethylsilane,
dimethoxymethylsilylpropyl-N,N-dimethylthiocarbam-
oyltetrasulfide, or dimethoxymethylsilylpropylbenzothiaz-
olyltetrasulfide, and any one or a mixture of two or more
thereol may be used. Preferably, bis(3-triethoxysilylpropyl)
polysulfide or 3-trimethoxysilylpropylbenzothiazyltetrasul-
fide may be used 1n consideration of the improving effect of
reinforcing properties.

In addition, 1n the rubber composition according to an
embodiment of the present invention, since a modified
conjugated diene-based polymer 1n which a functional group
having a high athinity with silica 1s brought 1n an active part
1s used as a rubber component, the mixing amount of the
silane coupling agent may be smaller than a common case.
Thus, the silane coupling agent may be used 1n an amount
of 1 part by weight to 20 parts by weight, or 5 parts by
weight to 15 parts by weight based on 100 parts by weight
of silica. With the amount used 1n the above range, eflect as
a coupling agent may be sufliciently exhibited, and prevent-
ing effect of gelation of a rubber component may be
achieved.

The rubber composition according to an embodiment of
the present invention may be sulfur crosslinkable, and so
may further include a vulcanizing agent. The vulcanizing
agent may particularly be a sulfur powder and may be
included 1n an amount of 0.1 parts by weight to 10 parts by
weight based on 100 parts by weight of a rubber component.
With the amount used 1n the above range, elasticity and
strength required for a vulcanized rubber composition may
be secured, and at the same time, an excellent low fuel
consumption ratio may be achieved.

The rubber composition according to an embodiment of
the present invention may further include various additives
used 1n a common rubber industry 1n addition to the above
components, particularly, a vulcanization accelerator, a pro-
cess o1l, an antioxidant, a plasticizer, an antiaging agent, a
scorch preventing agent, a zinc white, stearic acid, a ther-
mosetting resin, or a thermoplastic resin.

The vulcanization accelerator may include, for example,
thiazole-based compounds such as 2-mercaptobenzothiazole
(M), dibenzothiazyldisulfide (DM), and N-cyclohexyl-2-
benzothiazylsulfenamide (CZ), or guanidine-based com-
pounds such as diphenylguanidine (DPG), 1n an amount of
0.1 parts by weight to 5 parts by weight based on 100 parts
by weight of the rubber component.

The process o1l acts as a soitener in a rubber composition
and may be used or not, according to the need, and the kind
thereol 1ncludes, for example, a parathn-based, naphthene-
based, or aromatic compound. An aromatic process o1l may
be used in consideration of tensile strength and abrasion
resistance, and a naphthene-based or parathin-based process
o1l may be used in consideration of hysteresis loss and
properties at a low temperature. The process o1l may be
included in an amount of 100 parts by weight or less based
on 100 parts by weight of the rubber component. Within the
above-described range, the deterioration of the tensile
strength and low exothermic properties (low fuel consump-
tion ratio) of the vulcanized rubber may be prevented.

The antioxidant may include, for example, 2,6-di1-t-butyl
paracresol, dibutylhydroxytoluene, 2,6-bis({dodecylthio)
methyl)-4-nonylphenol or  2-methyl-4,6-bis((octylthio)
methyl)phenol, and may be used 1n an amount of 0.1 parts
by weight to 6 parts by weight based on 100 parts by weight
of a rubber component.
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The antiaging agent may include, for example, N-1sopro-
pyl-N'-phenyl-p-phenylenediamine, N-(1,3-dimethylbutyl)-
N'-phenyl-p-phenylenediamine, 6-ethoxy-2,2.4-trimethyl-1,
2-dihydroquinoline, or a condensate of diphenylamine and
acetone at a high temperature, in an amount of 0.1 parts by
weight to 6 parts by weight based on 100 parts by weight of
the rubber component.

The rubber composition according to an embodiment of
the present invention may be obtained by mulling using a
mulling apparatus such as a banbury mixer, a roll, and an
internal mixer according to a mixing prescription. A rubber
composition having low exothermic properties and good
abrasion properties may be obtained by a vulcanization
process after a molding process.

Theretfore, the rubber composition may be useful to the
manufacture of each member of a tire such as a tire tread, an
under tread, a side wall, a carcass coating rubber, a belt
coating rubber, a bead filler, a chafer, and a bead coating
rubber, or to the manufacture of rubber products 1n various
industries such as a dustproof rubber, a belt conveyor, and a
hose.

Also, the present mnvention provides a tire manufactured
using the rubber composition.

The tire may be a tire or 1include a tire tread.

EXAMPLES

Hereinafter, the present mvention will be explained in
more detail referring to embodiments. Embodiments accord-
ing to the present invention may be modified into various
other types, and the scope of the present invention should
not be limited to the embodiments described below. The
embodiments of the present invention are provided for
completely explaining the present mvention to a person
having an average knowledge 1n the art.

Example 1

To a first reactor among continuous reactors 1 which
three reactors were connected in series, injected were a
styrene solution 1n which 60 wt % of styrene was dissolved
in n-hexane in a rate of 3.6 kg/h, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate of 12.6 kg/h, n-hexane 1n a rate of 47.2 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a 2,2-d1(2-
tetrahydrofuryl)propane (DTP) solution 1n which 10 wt % of
2,2-d1(2-tetrahydrofuryl)propane was dissolved 1n n-hexane
as a polar additive 1n a rate of 125.0 g/h, and an n-butyl-
lithium solution 1n which 10 wt % of n-butyllithium was
dissolved 1n n-hexane as a polymerization initiator 1n a rate
of 46.0 g/h.

In this case, the temperature of the {first reactor was
maintained to 45° C., and when a polymerization conversion
rat1o reached 48%, a polymer was transported from the first
reactor to a second reactor via a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1njected 1 a rate of 0.65 kg/h. In this case, the
temperature of the second reactor was maintained to 60° C.,
and when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a third
reactor via a transport pipe.

The polymer was transported from the second reactor to
the third reactor to iject 3,3'-(1,1,3,3-tetramethoxydisi-
loxane-1,3-diyl)bis(IN,N-diethylpropan-1-amine) to the third
reactor as a modifier [modifier:act. L1=1:1 mol]. In this case,

10

15

20

25

30

35

40

45

50

55

60

65

18

the modifier was 1njected 1n a solution state by dissolving 1n
n-hexane. The temperature of the third reactor was main-
tained to 60° C.

After that, to a polymenzation solution discharged from
the third reactor, an IR1520 (BASF Co.) solution in which

30 wt % was dissolved as an antioxidant was 1njected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected in hot water heated with steam and stirred to remove

solvents to prepare a modified conjugated diene-based poly-
mer.

Example 2

To a first reactor among continuous reactors in which
three reactors were connected in series, injected were a
styrene solution 1n which 60 wt % of styrene was dissolved
in n-hexane in a rate of 3.6 kg/h, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate of 12.6 kg/h, n-hexane 1n a rate of 47.2 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a 2,2-di1(2-
tetrahydrofuryl)propane solution 1 which 10 wt % of 2,2-
di(2-tetrahydrofuryl)propane was dissolved 1n n-hexane as a
polar additive 1 a rate of 125.0 g/h, and an n-butyllithtum
solution 1 which 10 wt % of n-butyllithium was dissolved
in n-hexane as a polymerization initiator 1n a rate of 36.0 g/h.

In this case, the temperature of the first reactor was
maintained to 55° C., and when a polymerization conversion
ratio reached 45%, a polymer was transported from the first
reactor to a second reactor via a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1njected 1n a rate of 0.65 kg/h. In this case, the
temperature of the second reactor was maintained to 65° C.,
and when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a third
reactor via a transport pipe.

The polymer was transported from the second reactor to
the third reactor to mject 3,3'-(1,1,3,3-tetramethoxydisi-
loxane-1,3-diyl)bis(IN,N-diethylpropan-1-amine) to the third
reactor as a modifier [modifier:act. L1=1:1 mol]. In this case,
the modifier was 1njected 1n a solution state by dissolving in
n-hexane. The temperature of the third reactor was main-
tained to 65° C.

After that, to a polymenzation solution discharged from
the third reactor, an IR1520 (BASF Co.) solution in which
30 wt % was dissolved as an antioxidant was injected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected 1n hot water heated with steam and stirred to remove
solvents to prepare a modified conjugated diene-based poly-
mer.

Example 3

A modified conjugated diene-based polymer was prepared
by performing the same method as Example 2 except for
continuously supplying to the third reactor N-(3,6,9,12-
tetraoxahexadecyl)-N-(3-(triethoxysilyl)propyl)-3,6,9,12-
tetraoxahexadecan-1-amine instead of 3,3'-(1,1,3,3-tetram-
cthoxydisiloxane-1,3-diyl)bis(IN,N-diethylpropane-1-
amine) as a modifier [modifier:act. L1i=1:1 mol].

Example 4

To a first reactor among continuous reactors in which
three reactors were connected in series, injected were a
styrene solution 1n which 60 wt % of styrene was dissolved
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in n-hexane in a rate of 3.3 kg/h, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane

in a rate of 10.9 kg/h, n-hexane 1n a rate of 39.4 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a solution in
which 10 wt % of N,N,N'\N'-tetramethylethylenediamine
(TMEDA) was dissolved 1n n-hexane as a polar additive 1n
a rate of 7.0 g/h, and an n-butyllithium solution 1n which 10
wt % of n-butyllithium was dissolved 1n n-hexane as a
polymerization initiator 1n a rate of 46.0 g/h.

In this case, the temperature of the first reactor was
maintained to 60° C., and when a polymerization conversion
rat1o reached 48%, a polymer was transported from the first
reactor to a second reactor via a transport pipe. Then, to the
second reactor, a 1,3-butadiene solution 1n which 60 wt % of
1,3-butadiene was dissolved in n-hexane was injected 1n a
rate of 2.4 kg/h. In this case, the temperature of the second
reactor was maintained to 65° C., and when a polymeriza-
tion conversion ratio reached 95%, a polymer was trans-
ported from the second reactor to a third reactor via a
transport pipe.

The polymer was transported from the second reactor to
the third reactor to mnject N-(3,6,9,12-tetraoxahexadecyl)-N-
(3-(tniethoxysilyl)propyl)-3,6,9,12-tetraoxahexadecane-1 -
amine to the third reactor as a modifier [modifier:act. L1=1:1
mol]. In this case, the modifier was 1njected 1n a solution
state by dissolving in n-hexane. The temperature of the third
reactor was maintained to 65° C.

After that, to a polymerization solution discharged from
the third reactor, an IR1520 (BASF Co.) solution 1n which
30 wt % was dissolved as an antioxidant was 1njected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected in hot water heated with steam and stirred to remove
solvents to prepare a modified conjugated diene-based poly-
mer.

Example 5

To a first reactor among continuous reactors 1 which
three reactors were connected in series, injected were a
styrene solution 1n which 60 wt % of styrene was dissolved
in n-hexane in a rate of 1.8 kg/h, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate ol 14.2 kg/h, n-hexane 1n a rate of 49.1 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a solution in
which 10 wt % of 2,2-di(2-tetrahydrofuryl)propane was
dissolved 1n n-hexane as a polar additive 1n a rate of 51.0 g/h,
and an n-butyllithium solution 1n which 10 wt % of n-butyl-
lithium was dissolved in n-hexane as a polymerization
initiator 1n a rate of 59.0 g/h. In this case, the temperature of
the first reactor was maintained to 55° C., and when a
polymerization conversion ratio reached 31%, a polymer
was transported from the first reactor to a second reactor via
a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1njected 1mn a rate of 0.74 kg/h. In this case, the
temperature of the second reactor was maintained to 65° C.,
and when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a third
reactor via a transport pipe.

The polymer was transported from the second reactor to
the third reactor to imect 1,4-bis(3-(triethoxysilyl)propyl)
piperazine as a modifier to the third reactor [modifier:act.
L1=1:1 mol]. In this case, the modifier was injected 1n a
solution state by dissolving in n-hexane. The temperature of
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the third reactor was maintained to 65° C. After that, to a
polymerization solution discharged from the third reactor, an
IR1520 (BASF Co.) solution in which 30 wt % was dis-
solved as an antioxidant was 1njected 1n a rate of 170 g/h and
stirred. The polymer thus obtained was 1njected 1n hot water
heated with steam and stirred to remove solvents to prepare
a modified conjugated diene-based polymer.

Example 6

A modified conjugated diene-based polymer was prepared
by performing the same method as Example 5 except for
continuously supplying to the third reactor 3,3'-(1,1,3,3-
tetramethoxydisiloxane-1,3-diyl)bis(N,N-diethylpropane-1-
amine) instead of 1,4-bis(3-(triethoxysilyl)propyl)pipera-
zine as a modifier [modifier:act. L1=1:1 mol].

Example 7

To a first reactor among continuous reactors in which
three reactors were connected in series, injected were a
styrene solution 1in which 60 wt % of styrene was dissolved
in n-hexane in a rate of 1.8 kg/h, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate of 14.2 kg/h, n-hexane 1n a rate of 49.1 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a solution 1n
which 10 wt % of N,N,N'.N'-tetramethylethylenediamine
was dissolved in n-hexane as a polar additive 1n a rate of
25.0 g/h, and an n-butyllithium solution 1n which 10 wt %
of n-butyllithium was dissolved 1n n-hexane as a polymer-
ization i1nmitiator mm a rate of 59 g/h. In this case, the
temperature of the first reactor was maintained to 60° C., and
when a polymerization conversion ratio reached 46%, a
polymer was transported from the first reactor to a second
reactor via a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1njected 1n a rate of 0.74 kg/h. In this case, the
temperature of the second reactor was maintained to 70° C.,
and when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a third
reactor via a transport pipe.

The polymer was transported from the second reactor to
the third reactor to inject N-(3,6,9,12-tetraoxahexadecyl )-N-
(3-(triethoxysilyl)propyl)-3,6,9,12-tetraoxahexadecane-1 -
amine as a modifier to the third reactor [modifier:act. L.1=1:1
mol]. In this case, the modifier was 1njected 1n a solution
state by dissolving in n-hexane. The temperature of the third
reactor was maintained to 70° C.

After that, to a polymenzation solution discharged from
the third reactor, an IR1520 (BASF Co.) solution in which
30 wt % was dissolved as an antioxidant was injected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected in hot water heated with steam and stirred to remove
solvents to prepare a modified conjugated diene-based poly-
mer.

Example 8

To a first reactor among continuous reactors in which
three reactors were connected in series, injected were a
styrene solution 1n which 60 wt % of styrene was dissolved
in n-hexane 1n a rate of 6.1 kg/h, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate of 10.1 kg/h, n-hexane 1n a rate of 47.5 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
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was dissolved 1n n-hexane 1n a rate of 40 g/h, a 2,2-di1(2-
tetrahydrofuryl)propane solution 1 which 10 wt % of 2,2-
di(2-tetrahydrofuryl)propane was dissolved 1n n-hexane as a
polar additive 1n a rate of 50.0 g/h, and an n-butyllithium
solution 1in which 10 wt % of n-butyllithium was dissolved >
in n-hexane as a polymerization initiator 1n a rate of 31.0 g/h.
In this case, the temperature of the first reactor was main-
tained to 55° C., and when a polymerization conversion ratio
reached 50%, a polymer was transported from the first
reactor to a second reactor via a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1jected 1n a rate of 0.5 kg/h. In this case, the tempera-
ture of the second reactor was maintained to 635° C., and
when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a third
reactor via a transport pipe.

The polymer was transported from the second reactor to
the third reactor to imject 3,3'-(1,1,3,3-tetramethoxydisi- 20
loxane-1,3-diyl)bis(N,N-diethylpropan-1-amine) to the third
reactor as a modifier [modifier:act. L1=1:1 mol]. In this case,
the modifier was 1njected 1n a solution state by dissolving in

n-hexane. The temperature of the third reactor was main-
tained to 65° C. 25
After that, to a polymerization solution discharged from
the third reactor, an IR1520 (BASF Co.) solution 1n which
30 wt % was dissolved as an antioxidant was injected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected in hot water heated with steam and stirred to remove 30
solvents to prepare a modified conjugated diene-based poly-
mer.
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To a first reactor among continuous reactors 1 which
three reactors were connected in series, injected were a
1,3-butadiene solution in which 60 wt % of 1,3-butadiene
was dissolved in n-hexane 1n a rate of 15.0 kg/h, n-hexane
in a rate of 48.3 kg/h, a 1,2-butadiene solution in which 2.0 40
wt % of 1,2-butadiene was dissolved 1in n-hexane 1n a rate of
36.0 g/h, a solution 1n which 1 wt % of N,N,N'.N'-tetram-
cthylethylenediamine was dissolved 1n n-hexane as a polar
additive 1n a rate of 31.5 g/h, and an n-butyllithtum solution
in which 10 wt % of n-butyllithium was dissolved 1 45
n-hexane as a polymerization nitiator 1n a rate of 58.5 g/h.

In this case, the temperature of the first reactor was main-
tained to 55° C., and when a polymerization conversion ratio
reached 43%, a polymer was transported from the first
reactor to a second reactor via a transport pipe. 50

The temperature of the second reactor was maintained to
65° C., and when a polymerization conversion ratio reached
95%, a polymer was transported from the second reactor to
the third reactor via a transport pipe.

The polymer was transported from the second reactor to 55
the third reactor to inject 1,4-bis(3-(triethoxysilyl)propyl)
piperazine to the third reactor as a modifier [modifier:act.
L1=1:1 mol]. In this case, the modifier was injected 1n a
solution state by dissolving in n-hexane. The temperature of
the third reactor was maintained to 65° C. 60

After that, to a polymerization solution discharged from
the third reactor, an IR1520 (BASF Co.) solution 1n which
30 wt % was dissolved as an antioxidant was 1njected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected in hot water heated with steam and stirred to remove 65
solvents to prepare a modified conjugated diene-based poly-
mer.

22

Example 10

To a first reactor among continuous reactors in which two
reactors were connected 1n series, mjected were a styrene
solution 1 which 60 wt % of styrene was dissolved 1n
n-hexane 1n a rate of 3.6 kg/h, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved 1n n-hexane
in a rate of 12.6 kg/h, n-hexane 1n a rate of 47.2 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a 2,2-di(2-
tetrahydrofuryl)propane solution 1 which 10 wt % of 2,2-
di(2-tetrahydroturyl)propane was dissolved 1in n-hexane as a
polar additive 1n a rate of 125.0 g/h, and an n-butyllithium
solution 1 which 10 wt % of n-butyllithium was dissolved
in n-hexane as a polymerization initiator in a rate o1 46.0 g/h.

In this case, the temperature of the first reactor was
maintained to 50° C., and when a polymerization conversion
ratio reached 50%, a polymer was transported from the first
reactor to a second reactor via a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1njected m a rate of 0.65 kg/h. In this case, the
temperature of the second reactor was maintained to 65° C.,
and when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a blend

tank via a transport pipe.

During transporting the polymer from the second reactor
to the blend tank, N-(3,6,9,12-tetraoxahexadecyl)-N-(3-(tri-
cthoxysilyl)propyl)-3,6,9,12-tetraoxahexadecane-1-amine
was 1njected as a modifier to a line for transporting to the
blend tank [modifier:act. Li=1:1 mol].

After that, to a polymerization solution discharged from
the second reactor, an IR1520 (BASF Co.) solution 1n which
30 wt % was dissolved as an antioxidant was 1njected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected 1n hot water heated with steam and stirred to remove
solvents to prepare a modified conjugated diene-based poly-
met.

Example 11

To a first reactor among continuous reactors 1n which two
reactors were connected 1n series, mjected were a styrene
solution 1 which 60 wt % of styrene was dissolved 1n
n-hexane 1n a rate of 3.3 kg/h, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved 1n n-hexane
in a rate of 10.9 kg/h, n-hexane 1n a rate of 39.4 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a N,N,N'N'-
tetramethylethylenediamine solution 1n which 10 wt % of
N,N,N"N'-tetramethylethylenediamine was dissolved in
n-hexane as a polar additive in a rate of 7.0 g/h, and an
n-butyllithtum solution 1 which 10 wt % of n-butyllithium
was dissolved 1in n-hexane as a polymerization initiator in a
rate of 46.0 g/h. In this case, the temperature of the first
reactor was maintained to 65° C., and when a polymeriza-
tion conversion ratio reached 48%, a polymer was trans-
ported from the first reactor to a second reactor via a
transport pipe.

Then, to the second reactor, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved 1n n-hexane
was 1jected 1 a rate of 2.4 kg/h. In this case, the tempera-
ture of the second reactor was maintained to 70° C., and
when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a blend
tank via a transport pipe.
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During transporting the polymer from the second reactor
to the blend tank, 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-
diyl)bis(N,N-diethylpropane-1-amine was 1njected as a
modifier to a line for transporting to the blend tank [modi-
fier:act. L1=1:1 mol]. In this case, the modifier was 1njected
in a solution state after dissolving 1n n-hexane.

After that, to a polymernization solution discharged from
the second reactor, an IR1520 (BASF Co.) solution 1n which
30 wt % was dissolved as an antioxidant was 1njected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected in hot water heated with steam and stirred to remove
solvents to prepare a modified conjugated diene-based poly-
mer.

Example 12

To a first reactor among continuous reactors 1n which two
reactors were connected in series, injected were a styrene
solution 1 which 60 wt % of styrene was dissolved 1n
n-hexane 1n a rate of 3.3 kg/h, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate of 10.9 kg/h, n-hexane 1n a rate of 39.4 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1n n-hexane 1n a rate of 40 g/h, a 2,2-di1(2-
tetrahydrofuryl )propane solution 1n which 10 wt % of 2,2-
di(2-tetrahydrofuryl)propane was dissolved 1n n-hexane as a
polar additive 1n a rate of 2.0 g/h, and an n-butyllithium
solution 1 which 10 wt % of n-butyllithium was dissolved
in n-hexane as a polymerization initiator 1n a rate o1 46.0 g/h.
In this case, the temperature of the first reactor was main-
tained to 55° C., and when a polymerization conversion ratio
reached 50%, a polymer was transported from the first
reactor to a second reactor via a transport pipe.

Then, to the second reactor, a 1,3-butadiene solution 1n
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was 1njected 1n a rate of 2.4 kg/h. In this case, the tempera-
ture of the second reactor was maintained to 70° C., and
when a polymerization conversion ratio reached 95%, a
polymer was transported from the second reactor to a blend
tank via a transport pipe.

During transporting the polymer from the second reactor
to the blend tank, 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-
diyl)bis(N,N-diethylpropane-1-amine was 1njected as a
modifier to a line for transporting to the blend tank [modi-
fier:act. L1i=1:1 mol]. In this case, the modifier was injected
in a solution state after dissolving in n-hexane.

After that, to a polymerization solution discharged from
the second reactor, an IR1520 (BASF Co.) solution 1n which
30 wt % was dissolved as an antioxidant was 1njected 1n a
rate of 170 g/h and stirred. The polymer thus obtained was
injected 1n hot water heated with steam and stirred to remove
solvents to prepare a modified conjugated diene-based poly-
mer.

Comparative Example 1

To a 20 L autoclave reactor, 100 g of styrene, 880 g of
1,3-butadiene, 5,000 g of n-hexane and 0.89 g of 2,2-d1(2-
tetrahydrofuryl)propane as a polar additive were 1njected,
and the internal temperature of the reactor was elevated to
40° C. After the internal temperature of the reactor reached
40° C., 4.7 mmol of n-butyllithium as a polymerization
initiator was injected and an adiabatic heating reaction was
performed. After about 20 minutes lapse, 20 g of 1,3-
butadiene was 1njected for capping the terminals of a poly-
mer with butadiene. After 5 minutes, 4.7 mmol of 3,3'-(1,
1,3,3,-tetramethoxydisiloxane-1,3-diyl)bis(IN,N-
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diethylpropane-1-amine) was injected and reacted for 15
minutes. Then, the polymerization reaction was quenched by
using ethanol, and 45 ml of a solution 1 which 0.3 wt % of
IR1520 (BASF Co.) antioxidant was dissolved 1n n-hexane
was added thereto. Then, the polymer thus obtained was
injected into hot water heated using steam and stirred to
remove solvents to prepare a modified styrene-butadiene
copolymer.

Comparative Example 2

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 2 except for
not adding a modifier.

Comparative Example 3

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 1 except for
maintaining the reaction temperature to 55° C. at the first
reactor, 65° C. at the second reactor, and 65° C. at the third
reactor, and injecting dimethyl dichlorosilane instead of
3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-diyl)bis(N,N-di-
cthylpropane-1-amine) as a modifier [modifier:cat. Li1=1:1
mol]. In this case, the modifier was 1njected 1n a solution
state by dissolving 1n n-hexane.

Comparative Example 4

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 1 except for
maintaining the reaction temperature to 75° C. at the first
reactor, 85° C. at the second reactor, and 85° C. at the third
reactor, and transporting a polymer from the first reactor to

the second reactor via a transport pipe when a polymeriza-
tion conversion ratio in the first reactor became 68%.

Comparative Example 5

A modified conjugated diene-based polymer was prepared
by performing the same method as in Comparative Example
4 except for transporting a polymer from the first reactor to
the second reactor via a transport pipe when a polymeriza-
tion conversion ratio in the first reactor reached 73%, and
injecting N-(3,6,9,12-tetraoxahexadecyl)-N-(3-(triethoxysi-
lyDpropyl)-3,6,9,12-tetraoxahexadecane-1-amine nstead of
3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-diyl)bis(N,N-di-
cthylpropane-1-amine as a modifier and polymenzing
Imodifier:cat. L1=1:1 mol]. In this case, the modifier was
injected 1n a solution state by dissolving 1n n-hexane.

Comparative Example 6

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 6 except for
maintaining the reaction temperature to 75° C. at the first
reactor, 85° C. at the second reactor, and 85° C. at the third
reactor, and transporting a polymer from the first reactor to
the second reactor via a transport pipe when a polymeriza-
tion conversion ratio 1n the first reactor reached 65% and
polymerizing.

Comparative Example 7

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 6 except for
maintaining the reaction temperature to 75° C. at the first
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reactor, 80° C. at the second reactor, and 80° C. at the third
reactor, transporting a polymer from the first reactor to the
second reactor via a transport pipe when a polymerization
conversion ratio in the first reactor reached 70%, and 1nject-
ing tetrachlorosilane as a modifier 1n the third reactor
|[modifier:cat. L1i=1:1 mol]. In this case, the modifier was
injected 1n a solution state by dissolving 1n n-hexane.

Comparative Example 8

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 8 except for
maintaining the reaction temperature to 75° C. at the first
reactor, 85° C. at the second reactor, and 85° C. at the third
reactor, transporting a polymer from the first reactor to the
second reactor via a transport pipe when a polymerization
conversion ratio 1n the first reactor reached 63% and polym-
erizing.

Comparative Example 9

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 8 except for
performing polymerization by injecting dimethyldichlorosi-
lane 1mstead of 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-
diyl)bis(N,N-diethylpropane-1-amine as a modifier [modi-
fier:cat. L1=1:1 mol]. In this case, the modifier was 1njected
in a solution state by dissolving in n-hexane.

Comparative Example 10

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 9 except for
maintaining the reaction temperature to 75° C. at the first
reactor, 85° C. at the second reactor, and 85° C. at the third
reactor, and transporting a polymer from the first reactor to
the second reactor via a transport pipe when a polymeriza-
tion conversion ratio in the first reactor reached 70% and
polymerizing.

Comparative Example 11

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 9 except for
transporting a polymer from the first reactor to the second
reactor via a transport pipe when a polymerization conver-
sion ratio 1n the first reactor reached 46%, and injecting
tetrachlorosilane instead of 1,4-bi1s(3-(triethoxysilyl)propyl)
piperazine as a modifier and polymerizing [modifier:cat.
L1=1:1 mol]. In this case, the modifier was injected 1n a
solution state by dissolving in n-hexane.

Comparative Example 12

A modified conjugated diene-based polymer was prepared
by performing the same method as 1n Example 4 except for
maintaining the reaction temperature to 75° C. at the first
reactor, 85° C. at the second reactor, and 85° C. at the third
reactor, transporting a polymer from the first reactor to the
second reactor via a transport pipe when a polymerization
conversion ratio in the first reactor reached 67%, and 1nject-
ing dimethyldichlorosilane istead of N-(3,6,9,12-tetraoxa-
hexadecyl)-N-(3-(triethoxysilyl)propyl)-3,6,9,12-tetraoxa-
hexadecane-1-amine as a modifier and polymernzing
|[modifier:cat. L1=1:1 mol]. In this case, the modifier was
injected 1n a solution state by dissolving 1n n-hexane.
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Comparative Example 13

To a first reactor among continuous reactors in which two
reactors were connected in series, ijected were a styrene
solution 1 which 60 wt % of styrene was dissolved 1n
n-hexane 1n a rate of 1.8 kg/h, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
in a rate of 14.2 kg/h, n-hexane 1n a rate of 49.1 kg/h, a
1,2-butadiene solution 1n which 2.0 wt % of 1,2-butadiene
was dissolved 1 n-hexane 1n a rate of 40 g/h, a solution 1n
which 10 wt % of 2,2-di(2-tetrahydrofuryl)propane was
dissolved 1n n-hexane as a polar additive 1n a rate of 51.0 g/h,
and an n-butyllithtum solution 1n which 10 wt % of n-butyl-
lithium was dissolved in n-hexane as a polymerization
initiator 1 a rate of 59 g/h. In this case, the temperature of
the first reactor was maintained to 75° C., and when a
polymerization conversion ratio reached 95%, a polymer
was transported from the first reactor to the second reactor
via a transport pipe. Into the pipe for transporting from the
first reactor to the second reactor, a 1,3-butadiene solution in
which 60 wt % of 1,3-butadiene was dissolved in n-hexane
was mjected 1n a rate of 0.74 kg/h.

To the second reactor, 3,3'-(1,1,3,3-tetramethoxydisi-
loxane-1,3-d1yl)bis(N,N-diethylpropane-1-amine) was
injected as a modifier [modifier:act. Li1=1:1 mol]. In this
case, the modifier was injected 1 a solution state after
dissolving in n-hexane. The temperature of the second
reactor was maintained to 80° C., and after that, to a
polymerization solution discharged from the second reactor,
an IR1520 (BASF Co.) solution in which 30 wt % was
dissolved as an antioxidant was 1njected 1n a rate of 170 g/h
and stirred. The polymer thus obtained was injected 1n hot
water heated with steam and stirred to remove solvents to
prepare a modified conjugated diene-based polymer.

EXPERIMENTAL EXAMPLES

Experimental Example 1

With respect to each of modified or unmodified conju-
gated diene-based polymers prepared 1n the examples and
the comparative examples, styrene unit and vinyl contents in
cach polymer, a weight average molecular weight (Mw,
x10° g/mol), a number average molecular weight (Mn, x10°
g/mol), molecular weight distribution (PDI, MWD), mooney
viscosity (MV), and an amount of S1 were measured. The
results are shown 1n Table 1 to Table 5 below. In addition,
reaction conditions and polar additives and modifiers used in
Examples 1 to 12 and Comparative Examples 1 to 13 are
summarized and shown in Table 1 to Table 5 below.

1) Styrene Unit and Vinyl Contents (Wt %)

The styrene unit (SM) and vinyl contents in each polymer
were measured and analyzed using Vartan VNMRS 500
MHz NMR.

When measuring NMR, 1,1,2,2-tetrachloroethanol was
used as a solvent, and styrene unit and vinyl contents were
calculated by calculating a solvent peak as 5.97 ppm, and
regarding 7.2-6.9 ppm as a random styrene peak, 6.9-6.2
ppm as a block styrene peak, 5.8-3.1 ppm as a 1,4-vinyl

peak, and 5.1-4.5 ppm as a 1,2-vinyl peak.
2) Weight Average Molecular Weight (Mw, x10° g/Mol),

Number Average Molecular Weight (Mn, x10° g/Mol) and
Molecular Weight Distribution (PDI, MWD)

By gel permeation chromatography (GPC) analysis, the
weight average molecular weight (Mw) and the number
average molecular weight (Mn) were measured and a
molecular weight distribution curve was obtained. In addi-
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tion, the molecular weight distribution (PDI, MWD,
Mw/Mn) was calculated from each molecular weight thus
measured. Particularly, GPC was conducted using two col-
umns of PLgel Olexis (Polymer Laboratories Co. Ltd.) and
one column of PLgel mixed-C (Polymer Laboratories Co.
[td.) 1n combination, and polystyrene (PS) as a GPC stan-
dard material for calculating the molecular weights. A
solvent for measuring GPC was prepared by mixing tetra-
hydrofuran with 2 wt % of an amine compound. In this case,
the molecular weight distribution curves thus obtained are

shown 1n FIG. 1 and FIG. 2.
3) Mooney Viscosity

The mooney viscosity (MV, (ML1+4, @100° C.) MU)
was measured by using MV-2000 (Alpha Technologies Co.,

Ltd.) using Large Rotor at a rotor speed of 2+0.02 rpm at
100° C. In this case, a specimen used was stood at room
temperature (23+3° C.) for 30 minutes or more, and 27+£3 g
of the specimen was collected and put 1n a die cavity, and

then, Platen was operated for 4 minutes for measurement.
4) S1 Content

The S1 content was measured by an ICP analysis method,
which used an mductively coupled plasma optical emission

Division

Number of
reactor
Polar
additive
Modifier
M:PI

First reactor
temp (° C.)
First reactor
polymerization
conversion
ratio (%o)
NMR SM

Reaction
conditions

10

15

28

spectroscopy (ICP-OES; Optima 7300DV). If the mduc-
tively coupled plasma optical emission spectroscopy was
used, measurement was performed by adding about 0.7 g of
a specimen to a platinum (Pt) crucible and adding about 1 ml
of concentrated sulfuric acid (98 wt %, electronic grade)
thereto, heating at 300° C. for 3 hours, incinerating the
specimen 1n an electrical furnace (Thermo Scientific, Lind-
berg Blue M) by the following program of steps 1 to 3:

1) step 1: mmitial temp 0° C., rate (temp/hr) 180° C./hr,
temp (holdtime) 180° C. (1 hr)

2) step 2: mitial temp 180° C., rate (temp/hr) 85° C./hr,
temp (holdtime) 370° C. (2 hr)

3) step 3: mitial temp 370° C., rate (temp/hr) 47° C./hr,
temp (holdtime) 510° C. (3 hr),

adding 1 ml of concentrated nitric acid (48 wt %) and 20
ul of concentrated hydrofluoric acid (50 wt %) to a residue,
sealing the platinum crucible and shaking for 30 minutes or

more, adding 1 ml of boric acid to the specimen, storing at
0° C. for 2 hours or more, diluting 1n 30 ml of ultrapure
water, and performing incineration.

(wt %0)

Vinyl

GPC
Mn (x10° g/mol)
PDI
Mooney viscosity (MV)
S1 content (ppm)

Mw (x10° g/mol)

TABLE 1
Example Comparative Example
1 2 3 10 2 3 4 5
3 3 3 2 3 3 3 3
DTP DTP DTP DTP DTP DTP DTP DTP
A A B B — D A B
1:1
45 55 55 50 55 55 75 75
48 45 45 50 45 48 68 73
21 21 21 21 21 21 21 21
50 50 50 50 50 50 50 50
530 860 R48 482 814 589 723 768
337 551 547 307 550 310 330 328
1.57 1.56 1.55 1.57 1.48 1.90 2.19 2.34
68 81 79 69 79 68 70 7R
200 100 6% 1 R0 — 30 150 RO
45 TABLE 2
Compar-
ative
Example Example
50 Division 4 11 12 12
Reac- Number of 3 2 2 3
tion reactor
condi-  Polar additive TMEDA  TMEDA DTP TMEDA
tions Modifier B A A D
55 M:PI 1:1
First reactor 60 65 55 75
temp (° C.)
First reactor 48 48 50 67
polymerization
conversion
ratio (%)
60 NMR  SM 18 18 18 18
(wt %) Vinyl 10 10 10 10
GPC Mw (x 10° g/mol) 624 643 596 732
Mn (x1 0° g/mol) 400 420 403 400
PDI 1.56 1.53 1.48% 1.83
Mooney viscosity (MV) 73 75 75 72
65 S1 content (ppm) 93 187 180 69
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TABLE 3
Example Comparative Example
Division 5 6 7 1 6 7 13
Reaction Number of 3 3 3 batch 3 3 2
conditions reactor
Polar DIP DIP TMEDA DTP DTP DTP DIP
additive
Modifier C A B A A E A
M:PI 1:1 0.1:1 1:1
First reactor 55 55 o0 50— 75 75 75
temp (° C.) 75
First reactor 30 31 46 — 63 70 100
polymerization
CONVErsion
ratio (%)
NMR (wt %) SM 10 10 10 10 10 10 10
Vinyl 38 38 38 3% 38 38 38
GPC Mw (x10% g/mol) 450 444 450 453 596 615 630
Mn (x103 g/mol) 301 300 300 310 301 303 300
PDI 1.50 1.4% 1.50 1.46 1.9% 2.03 2.10
Mooney viscosity (MV) 59 60 59 58 68 67 64
S1 content (ppm) 210 260 125 183 170 11 90
TARIFE 4 In Table 1 to Table 3, particular materials and ratios used
,- 0f the polar additive and the moditier are as follows.
omparative M:Pl=molar ratio of modifier (or coupling agent) and
Example Example . e :
polymerization initiator (act. Li)
Division 8 8 9 DTP: 2,2-di(2-tetrahydrofuryl)propane
| : 't N t N -
R caction Number of reactor ; ; ; TM_I.)A. N,NLN"N'—N,N,N'.N'-tetramethylethylenedi
conditions Polar additive DTP DTP DTP 30 dlnine
Modifier A A D Modifier A: 3,3'-(1,1,3,3-tetramethoxydisiloxane-1,3-
M:PI 1:1 : : : :
First reactor femp " e " dlyl)bls(N,,N diethylpropane-1-amine) |
¢ C.) Modifier B: N-(3,6,9,12-tetraoxahexadecyl)-N-(3-(tr1-
First reactor 50 63 50 ethoxysilyl)propyl)-3,6,9,12-tetraoxahexadecane-1-
polymerization 35 amine
NMR (st %) o ratio (%) y . y Modifier C: 1,4-bis(3-(triethoxysilyl)propyl)piperazine
0 qv . . .
Vinyl 6 26 6 Modifier D: dimethyldichlorosilane
GPC Mw (x10% g/mol) 752 1006 1055 Modifier E: tetrachlorosilane
Mn (x10° g/mol) 501 503 500 As shown in FIG. 1 and FIG. 2, the modified conjugated
vOb 120 =0 21140 diene-based polymer of Comparative Example 1, which was
Mooney viscosity (MV) 85 84 86 d b hatch , h q bimodal sh
Si content (ppm) 165 110 75 prepared by a atﬁc 'reani:tlon, showed a bimodal shape
molecular weight distribution curve by gel permeation chro-
matography (see FIG. 3), but the modified conjugated diene-
45 based polymers of Example 1 and Example 6, which were
1ABLE S prepared by the preparation method according to embodi-
Comparative ments of the present invention, showed a unimodal shape
Example Example entirely different from Comparative Example 1 (see FIG. 1
Divic : 0 . and FIG. 2).
1V1S10I11 . .
s0 As shown in Table 1 to Table 5 above, the modified
Reaction ~ Number of reactor 3 3 3 conjugated diene-based polymers of Examples 1 to 12,
conditions iﬁi ;idltlve B SDA TMEDA ! EDA which were prepared by the preparation method according to
Ratio of 11 011 embodiments of the present invention, were secured to have
modifier:polymerization narrower PDI (molecular weight distribution) and higher S1
1111?5)—“31' (molar 55 content when compared to modified or unmoditied conju-
ratio ‘ .
First reactor temp 55 -5 55 gated dler}e-bised polymers of Comparative Example 1 to
(° C.) Comparative Example 13.
First reactor 43 70 46 Particularly, referring to Table 1, the polymers of Com-
polymerization parative Example 4 and Comparative Example 5, which
conversion ratio (%o) d bv th . dit; h £
NMR M - - - 60 were prepared by the same reactlgn conairtions as 0s€ O
(Wt %)  Vinyl 10 10 10 Example 1 and Example 3, respectively except for deviating
GPC Mw (x10* g/mol) 537 781 893 the temperature and the polymerization conversion ratio of
Mn (x10° g/mol) 351 350 350 the first reactor from conditions suggested in the present
PDI 1.52 2.23 2.53 . . .
. invention, showed a largely increased PDI (molecular
Mooney viscosity (MV) 40 45 43 _ o : .
Si content (ppm) 730 191 53 65 weight distribution) by 1.4 times and remarkably decreased

S1 content to 75% degree and 87% degree when compared
to Example 1 and Example 2, respectively.
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In addition, referring to Table 2, the polymer of Com-
parative Example 12, which was prepared by the same
reaction conditions as Example 4 except for deviating the
temperature and the polymerization conversion ratio of the
first reactor from conditions suggested 1n the present inven-
tion, showed increased degree of PDI by 1.2 times and
decreased S1 content to 74% degree when compared to
Example 4.

In addition, referring to Table 3, the polymer of Com-
parative Example 6, which was prepared by the same
reaction conditions as Example 6 except for deviating the
temperature and the polymerization conversion ratio of the
first reactor from conditions suggested 1n the present inven-
tion, showed increased degree of PDI by 1.3 times and
remarkably decreased Si1 content when compared to
Example 6.

Meanwhile, the modified conjugated diene-based poly-
mer of Comparative Example 1, which was prepared via a
batch reaction, showed similar PDI but largely decreased Si
content to 70% degree when compared to the modified
conjugated diene-based polymer of Example 6, and as

secured from Table 9 described later, processability proper-
ties were deteriorated.

In addition, referring to Table 4, even the modified
conjugated diene-based polymer of Comparative Example 8
was prepared by the same conditions as Example 8 except
for the temperature and the polymerization conversion ratio
of the first reactor, PDI was increased by 1.4 times and Si
content was definitely decreased to 67% degree when com-
pared to Example 8.

Also, referring to Table 35, even the modified conjugated
diene-based polymer of Comparative Example 10 was pre-
pared by the same conditions as Example 9 except for the
temperature and the polymerization conversion ratio of the
first reactor, PDI was markedly increased by 1.5 times and
S1 content was definitely decreased to 65% degree when
compared to Example 9.

The above results show that in the preparation method
according to an embodiment of the present invention,
polymerization 1s performed by controlling a polymerization
conversion ratio in the first reactor to a specific numeral, and
side reactions generated during forming a polymer 1s
restrained and a polymer of a linear structure 1s induced, and
as a result, a modified conjugated diene-based polymer
having relatively small molecular weight distribution may
be prepared.

In addition, the above results show that a modified con-
jugated diene-based polymer having a higher modification
ratio may be obtained by the preparation method according,
to an embodiment of the present invention when compared
to a preparation method via a batch reaction.

Experimental Example 2

In order to comparatively analyze the physical properties
of rubber compositions including each of modified or
unmodified copolymers prepared in the examples and the
comparative examples and molded articles manufactured
therefrom, tensile properties and viscoelasticity properties
were measured, and the results are shown 1n Table 7 to Table
11 below.

1) Preparation of Rubber Specimen

Blending was performed using each of the modified or
unmodified conjugated diene-based polymers of the
examples and the comparative examples as raw material
rubber under the blending conditions shown 1n Table 6. The
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raw materials 1n Table 6 correspond to part by weight based
on 100 parts by weight of the raw material rubber.

TABLE 6
Amount (parts by
Division Raw material welght)
First stage mulling Rubber 100
Silica 70
Coupling agent (X508) 11.2
Process oil 37.5
Zinc white 3
Stearic acid 2
Antioxidant 2
Antiaging agent 2
Wax 1
Second stage mulling Sulfur 1.5
Rubber accelerator 1.75
Vulcanization 2

accelerator

Particularly, the rubber specimen was mulled via a first
stage mulling and a second stage mulling. In the first stage
mulling, a raw material rubber, silica (filler), an organic
silane coupling agent, a process oil, zinc oxide, stearic acid,
an antioxidant, an antiaging agent and wax were mulled
using a banbury mixer equipped with a temperature con-
trolling apparatus. In this case, the initial temperature of a
mulling apparatus was controlled to 70° C., and after fin-
1shing mixing, a first compound mixture was obtained at a
discharge temperature of 145° C. to 155° C. In the second
stage mulling, the first compound mixture was cooled to
room temperature, and the first compound mixture, sulfur, a
rubber accelerator, and a wvulcanization accelerator were
added to the mulling apparatus and mixed at a temperature
of 100° C. or less to obtain a second compound mixture.
Then, via a curing process at 160° C. for 20 minutes, a
rubber specimen was formed.

2) Tensile Properties

The tensile properties were measured by manufacturing
cach specimen and measuring tensile strength when broken
and tensile stress when elongated by 300% (300% modulus)
of each specimen according to an ASTM 412 tensile test
method. Particularly, tensile properties were measured using
a Universal Test Machin 4204 tensile tester (Instron Co.,
[td.) 1n a rate of 50 cm/min at room temperature.

3) Viscoelasticity Properties

The viscoelasticity properties were secured by measuring
viscoelasticity behavior on thermodynamic deformation at
cach measurement temperature (-60° C.~60° C.) with a
frequency of 10 Hz by using a dynamic mechanical analyzer
(GABO Co., Ltd.) 1n a film tension mode and securing a tan
O value. From the resultant values, if the index value of tan
0 at a low temperature of 0° C. increases, wet skid resistance
becomes better, and i1 the index value of tan ¢ at a high
temperature of 60° C. increases, hysteresis loss decreases,
and low running resistance (fuel consumption ratio)
becomes better. In this case, each of the resultant values of
Example 1 to Example 3, Example 10, Comparative
Example 2, Comparative Example 4 and Comparative
Example 5 were indexed by setting the resultant value of
Comparative Example 3 to 100. Each of the resultant values
of Example 4, Example 11, and Example 12 were indexed
by setting the resultant value of Comparative Example 12 to
100, and each of the resultant values of Example 5 to
Example 7, Comparative Example 1, Comparative Example
6 and Comparative Example 13 were indexed by setting the
resultant value of Comparative Example 7 to 100. In addi-
tion, each of the resultant values of Example 8 and Com-
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parative Example 8 were indexed by setting the resultant TARBIE 10
value of Comparative Example 9 to 100, and each of the
resultant values of Example 9, and Comparative Example 10 |
were indexed by setting the resultant value of Comparative omparative
Example 11 to 100. 5 Example  Example
4) Processability Properties
By measuring the mooney viscosity (MV, (ML 1+4, Division 2 2 9
@100° C.) MU) of the secondary mixture compound
obtamc?q during preparing the 1) rubber specimen, the‘pro- . Processability properties 70 73 79
cessability propertljas of each polymer was comparatively Tensile Tensile strength (kefiom?) 550 551 930
analyzed, and 1n this case, the lower the measured value of | ) | | |
_ . e properties 300% modulus (kgf/cm?®) 150 142 137
the moony viscosity 1s, the better the processability proper- | N
: Viscoelasticity tan O (at 0° C., Index) 104 101 100
ties are. | | | |
Particularly, by using MV-2000 (Alpha Technologies Co., ,, ProPeHes tan © (at 60° C., Index) 121 19100
Ltd.) using Large Rotor at a rotor speed of 2+0.02 rpm at -_—
100° C., each secondary mixture compound was stood at
room temperature (23+3° C.) for 30 minutes or more, and
2'7+3 g was collected and put 1n a die cavity, and then, Platen
was operated for 4 minutes for measurement.
TABLE 7
Comparative
Example Example
Division 1 2 3 10 2 3 4 5
Processability 62 73 72 63 78 75 71 75
properties
Tensile Tensile 175 185 190 180 165 172 175 190
properties strength
(kgf/em?)
300% modulus 160 150 145 155 109 128 150 135
(kef/cm?)
Viscoelasticity tan o (at 102 102 101 103 97 100 101 101
properties 0° C., Index)
tan O (at 121 118 119 117 70 100 113 109
60° C., Index)
TABLE 8 TABLE 11
Compar- 40 Comparative
ative Example Example
Example Example
Division 9 10 11
Division 4 11 12 12
Processability properties 71 73 73
Processability properties 68 70 71 76 A5 Tensile Tensile strength (kgf/cm?) 200 190 188
Tensile Tensile strength (kgf/em?) 200 210 205 207 properties 300% modulus (kgf/em?) 57 50 35
properties  300% modulus (kgf/cm?) 80 72 74 60 Viscoelasticity tan O (at 0° C., Index) 103 101 100
Visco- tan o (at 0° C., Index) 103 102 103 100 properties tan O (at 60° C., Index) 123 111 100
elasticity  tan 0 (at 60° C., Index) 129 127 125 100
properties _ _
As shown 1n Table 7 to Table 11, Example 1 to Example
12 according to exemplary embodiments of the present
TABLE 9
Comparative
Example Example
Division 5 6 7 1 6 7 13
Processability properties 68 69 68 79 70 65 75
Tensile Tensile strength 150 155 1533 153 1533 135 151
properties (kgf/em?)
300% modulus 92 95 93 93 83 80 88
(kgf/cm?)
Viscoelasticity tan o (at 0° C., 101 102 102 101 100 100 100
properties Index)
tan O (at 60° C., 120 125 123 123 111 100 10%

Index)
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invention showed improved tensile properties, viscoelastic-
ity properties and processability properties when compared
to Comparative Example 1 to Comparative Example 13.
Meanwhile, with respect to the viscoelasticity properties,
generally, 1t 1s known very dificult that a tan 6 value at 0°
C. mcreases while a tan 0 value at 60° C. increases at the
same time. Accordingly, when compared to Comparative
Example 1 to Comparative Example 13, Example 1 to

Example 12 showing equal or better degree of a tan 6 value
at 0° C. and remarkably improved eflect of a tan 0 value at
60° C., have very excellent viscoelasticity properties.

The 1nvention claimed 1s:

1. A method for preparing a modified conjugated diene-
based polymer comprising:

polymerizing a conjugated diene-based monomer in the

presence of an organometal compound 1n a hydrocar-
bon solvent to prepare an active polymer which 1is
coupled with an organometal (S1); and

a step of reacting or coupling the active polymer prepared

in step (S1) with a modifier (S2),

wherein step (S1) 1s continuously performed in two or

more polymerization reactors, and

a polymerization conversion ratio in a first polymerization

reactor among the polymerization reactors 1s 50% or
less.

2. The method according to claim 1, wherein the polym-
erization step (S1) 1s performed at a temperature of 80° C.
or less.

3. The method according to claim 1, wherein the conju-
gated diene-based monomer and an aromatic vinyl monomer
are copolymerized in the polymerization step (S1).

4. The method according to claim 1, wherein a final
polymerization conversion ratio of the polymerization step
(S1) 15 95% or more.

5. The method according to claim 1, wherein a residence
time of a polymer in the first polymerization reactor i1s from
1 minute to 40 minutes.

6. The method according to claim 1, wherein a polar
additive 1s included in the polymerization step (S1).

7. The method for preparing a modified conjugated diene-
based polymer of claim 1, wherein the modifier has an
afhinity with silica.

8. The method according to claim 1, wherein the modifier
1s an alkoxysilane-based modifier.

9. The method according to claim 1, wherein the modifier
1s 1jected into a modification reactor performing step (S2),
or the modifier 1s injected 1nto a transporting part transport-
ing the active polymer prepared in the polymerization step
(S1) to the modification reactor performing step (S2).

10. The method according to claim 1, wherein the modi-
fier 1s one or more selected from the group consisting of
compounds represented by the following Formula 1 to
Formula 6:

(R*—R*'3- N-R'—Si(OR?)_ (R?);_),, [Formula 1]

in Formula 1,
R' is a single bond, or an alkylene group of 1 to 10 carbon

atoms,
R* and R’ are each independently an alkyl group of 1 to

10 carbon atoms,

R* is hydrogen, an alkyl group of 1 to 10 carbon atoms,
a divalent, trivalent or tetravalent alkylsilyl group
which 1s substituted with an alkyl group of 1 to 10
carbon atoms, or a heterocyclic group of 2 to 10 carbon
atoms,
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R*' is a single bond, an alkylene group of 1 to 10 carbon
atoms, or —[R**O] —, where R** is an alkylene group
of 1 to 10 carbon atoms, and

a and m are each independently an integer of 1 to 3, n 1s
an integer of O to 3, and j 1s an integer of 1 to 30;

|Formula 2]
RIZ

R®—Si(OR")5(R%)3.
4

N N—R>—N
\A/

R”—Si(OR'") R ;.

in Formula 2,

R>, R® and R” are each independently an alkylene group
of 1 to 10 carbon atoms,

R’,R® R' and R"" are each independently an alkyl group
of 1 to 10 carbon atoms,

R'*is hydrogen or an alkyl group of 1 to 10 carbon atoms,

b and c¢ are each independently an mteger of O to 3, where

b+cz1,
A 1s
R13 Rl4 Or RIS R]ﬁ

where R, R'*, R" and R'° are each independently hydro-
gen or an alkyl group of 1 to 10 carbon atoms;

|Formula 3]
Rl? RlQ‘
11 O O 13
\ | | /
/N—Al—Si—o—Si—AE—N
L2 (‘] (L L4
IL]S Il;.}i)

in Formula 3,

A" and A* are each independently a divalent hydrocarbon
group of 1 to 20 carbon atoms, which includes or does
not imclude an oxygen atom,

R to R*" are each independently a monovalent hydro-

carbon group of 1 to 20 carbon atoms,

L' to L™ are each independently a divalent, trivalent or
tetravalent alkylsilyl group which 1s substituted with an
alkyl group of 1 to 10 carbon atoms, or

L' to L* are each independently a monovalent hydrocar-
bon group of 1 to 20 carbon atoms, or

[.' and *, and L° and L.* are connected with each other to
form a ring of 1 to 5 carbon atoms, wherein the formed
ring includes 1 to 3 atoms of one or more heteroatoms
selected from the group consisting of N, O and S;

|[Formula 4]

R3~1\ R32

(\N’" }lf \Si(OR34)g(R35)3_g
R33

\) N Si(ORM), (RT3,
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in Formula 4,

R is a monovalent hydrocarbon group of 1 to 30 carbon
atoms,

R>" to R** are each independently an alkylene group of 1
to 10 carbon atoms, d

R** to R*’ are each independently an alkyl group of 1 to
10 carbon atoms, and

g and h are each independently O, or an integer selected
from 1 to 3, where g+h 1s an integer of 1 or more;

10
|[Formula 5|
R38 R4U
/\ | | /\ 15
—N N— A’—Si—0—Si3—A*—N N—
DA N N
in Formula 3, -
A” and A* are each independently an alkylene group of 1
to 10 carbon atoms,
R*® to R*' are each independently an alkyl group of 1 to
10 carbon atoms, or an alkoxy group of 1 to 10 carbon
atoms, and 55
11s an integer of 1 to 30;
(R*¥-,.Sn-S—RM™—Si(OR*) (R, ), [Formula 6]
in Formula 6,
30

R*?, R*™ and R*° are each independently an alkyl group of
1 to 10 carbon atoms,

R** is an alkylene group of 1 to 10 carbon atoms, and
k 1s an integer of 1 to 4.

11. The method according to claim 1, wherein the modi-
fier 1s a compound represented by the following Formula 7:

35

|[Formula 7]
(ORM),(R); Si RYT e
\ 22 4 \ 23
R=e— N\ /N — R\
RS Si(OR*)o(R*")3.,

45
in Formula 7,

R** and R*® are each independently an alkylene group of
1 to 20 carbon atoms, or —REB[ORZQ]ﬁj

R** to R*’ are each independently an alkyl group of 1 to
20 carbon atoms or an aryl group of 6 to 20 carbon 30
atoms,

R*® and R*” are each independently an alkylene group of
1 to 20 carbon atoms,

R*” and R*® are each independently a divalent hydrocar-
bon group of 1 to 6 carbon atoms,

d and e are each independently O, or an integer selected
from 1 to 3, where d+e 1s an 1nteger of 1 or more, and
f 1s an mteger of 1 to 30.

12. The method according to claim 11, wherein the
compound represented by Formula 7 1s a compound repre-
sented by the following Formula 7a, Formula 7b or Formula

7c:

55

60
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|Formula 7a]

(OR*)4(R* )3431\

\

RZZ_ < N_R23

/ \Si(OR%)e(RE?)g-E
|Formula 7b]

(OR*M4(R*)34Si

\ N

R**—N N—R*

\—’ \Si(ORzﬁ)e(Rz?)B-e

|Formula 7¢]|
ue

(OR*)4(R*)3 Si
R**—N N— R

~_ \
Si(OR*)(R*)3-,

in Formula 7a, Formula 7b, and Formula 7c,

R** and R* are each independently an alkylene group of
1 to 20 carbon atoms, or —R**[OR*"] —,

R** to R*’ are each independently an alkyl group of 1 to
20 carbon atoms or an aryl group of 6 to 20 carbon
atoms,

R*® and R*” are each independently an alkylene group of
1 to 20 carbon atoms,

d and e are each independently 0, or an integer selected
from 1 to 3, where d+e 1s an 1integer of 1 or more, and
f 1s an nteger of 1 to 30.

13. The method according to claim 1, wherein the con-
jugated diene-based monomer 1s one or more selected from
the group consisting of 1,3-butadiene, 2,3-dimethyl-1,3-
butadiene, piperylene, 3-butyl-1,3-octadiene, 1soprene,
2-phenyl-2,3-butadiene and 2-halo-1,3-butadiene, wherein
halo 1s a halogen atom.

14. The method according to claim 1, wherein the orga-
nometal compound 1s present 1n an amount of from 0.01

mmol to 10 mmol based on 100 g of the conjugated
diene-based monomer.

15. The method according to claim 1, wherein the polym-
erization conversion ratio in the first polymerization reactor

1s from 10% to 50%.

16. The method according to claim 2, wherein the polym-
erization step (S1) 1s performed at a temperature of 0° C. to
80° C.

17. The method according to claim 6, wherein the polar
additive 1s one or more selected from the group consisting of
tetrahydrofuran, 2,2-di(2-tetrahydrofuryl)propane, diethyl
cther, cycloamyl ether, dipropyl ether, ethylene methyl ether,
cthylene dimethyl ether, diethyl glycol, dimethyl ether,
tert-butoxy ethoxy ethane, bis(3-dimethylaminoethyl)ether,
(dimethylaminoethyl) ethyl ether, trimethylamine, triethyl-
amine, tripropylamine, N,N,N'.N'-tetramethylethylenedi-
amine, sodium metholate, and 2-ethyl tetrahydrofuturyl
cther.

18. The method according to claim 1, wherein the polym-
erization step (S1) 1s a living amionic polymerization.

19. The method according to claim 1 further comprising,
injecting a second conjugated diene-based monomer to the
active polymer prepared by the polymerization step (S1)
prior to the reacting step (S2).

¥ ¥ H ¥ H
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